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ABSTIUCrT 



This invention ivlales to PKC inhibitors which are able to 
selectively inhibit e.g. the and optionally 0. isoforms of PKC. 
and their use in particular in transplantation. 

5 Claims, No Drawings 
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INDOLYLMALKIMIDK DKRI VA'll VKS AS 
PKC INIIlUn ORS 

CROSS RnFFRUNCP TO RBI.ATr.n 
APPUCATIONS 

'lliis application is a U.S. filing under 35 U.S.C. 37! of 
KT/EP200,V0(X)502 fikxl on Jan. 19. 2005, whicb claims ihc 
benefit of both GD 0401089.8. filed on Jan. 1 9. 2004. and GU 



MLR und BM assays can be done according to kn(iu,n 
methods* e.g. mouse of human MLR and BM assays, prefer- 
ably as disclosed hereinat^cr. 

In another aspect, the pa'sent invention pmvides a selective 
inhibitor of Protein Kinase C (PKC). i.e. ist>zymc-selcctivc 
PKC inliibiiors, wherein the compound possesses sclociivity 
for the isofonm a and p of the PKC, over one or morc of the 
other PKC isoforms. 
Prcfcrably the compounds of the invention arc select ive for 



0401090.6. filed on Jan. 19, 2004» the disclosuKS of each of if» the a and f{ PKCs over one or more of the other PKC iso 



which aiv incorporated herein by reference. 

The pieseiu invention relates to new inhibilois of Pnttein 
Kinase C (PKC) wluch are selective over other protein 
kinases, new inhibitors of PKC which are selective for the 
isoforms ii and p« and optionally 0. of the PKC. over one or 
more of the other existing PKC isofonns and the use of such 
PKC inhibitors to inhibit gran rejeciton or autoimmune dis- 
eases. 

Protein Kinase C (PKC) consists of a family of closely 
relnted enzymes that fimclion as seriiic/ihrconine kinases. At 
present then: are at least ten known isoenzymes of PKC thai 
differ in their tissue di.stribution, cn/>mitic selectivity, 
requirement forCa^*,and regulation. PKCs play an impi^rtanl 
role in cell-cell signaling, gene expression and in thecontitil 
of cell dilTercniiation and gri>wih. A number of !»KC inhibi- 
tors arc already known. Some arc also known to demonstrate 
selectivity for I*KC over other protein kinases. I Itiwever ver>' 
little is known regarding isiien/ymc selectivity. Because of 
the intportsmt rules in physiology of iheditTerenl PKC isoen 



forms, e.g. over one or more PKC isoforms selected from ft. c. 
t] and 0, preferably over A and e PKC isofonns, more prefer- 
ably over 6. € and r| PKC isofonns, and even more preferably 
over 6, €. i) and 0 PK(' i»)forms. 
i 5 In another embodiment of ihe invention, the compounds of 
the mveniion ore selective for the a. fi and 0 PKCs over the 
one or more of the ollwr PKC isoforms, e.g. over one or more 
PKC isofomis selected from K € and t^, preferably over 6 and 
€ PKC isofomis, more preferably over 6, e and t\ PKC iso- 
20 forms. 

Tlie compounds of the invention preferably show a selec- 
tivity of at least 10 fold, more preferably 20 fold, most pref- 
erably 100 fold for the PKCs a and p. and optionally 0, over 
one or more of the other PKC isofonns, e.g. over one or more 
: 5 i>KC isoforms selected from K e, n and 0, preferably over the 
PKC isofonn d, more preferably over tlie PKC isoforms € and 
t|, and even more preferably over the PKC isoforms K € and 

Selectivity for the ». |l or D isofomis of the PKC over one 




Surprisingly compound: 
lors have now been identitied, hereinaller referred to as com 



lating the ratio of IC^o of the compound for the 6, € or i) PKC 
pounds of the invention. Fiulhermore, it has been found that .15 ist^fomis to the IC^o of the compound for Ihe a, p or 0 PKC. 
these selective PKC iuliibitors show interesting therapeutic ICy, v-alues may be obtained, lor example, according to the 



properties, in particular in transplantation and to treat or 
prevent autoimnuinc diseases. 

In one aspect, the present iiwention prt>vides a compi>und 
which isa pmtein-selective inhibitor of Protein Kinase (\ e.g. 
an inhibitor selective for PKC over one or more other pnnein 
kinases, e.g. over one or nwrc iVRisinc kinases, for instance. 
over one or more non-rcccptor or receptor tyrosine kinases, 
e.g. over one or more of PKA, PKB. Abl Mel, Src, Ins-R. 



PKC assay described below. 

In a preferred cmbodimeni. the compounds of the invention 
show an IC51, value for the « and p, and optionally 0, PKCs of 
40 I fiM or less, preferably 10 nM or less in the hereinafter 
mentioned assay. 

Preferably, the compounds of the invention show a selec- 
tivity over the a and p, and optionally 0, isoforms of PKC, as 
well as a selectivity over one or more of the other protein 



Flt-3, J.AK-2, KDR and/or Ret proteins, lite selective PKC 4$ kinast*s, e.g. ovcroneor more tyrosine kinases, oroveroneor 



inhibitors of the invention may opiionally be selective over 
one or more serine/threonine kimises. e.g. one or more serine/ 
threonine kinases which do m)t belong to the CDK family. 
Preferably the compounds of the invention show a selectivity 
of al least 10 fold, more preferably 20 fold, most preferably 
100 fold for the PKC over one or more other protdn kinases, 
e.g. over one or more tyrosine kinases, e.g. over Flt-3, J.^K•2, 
KDR and/or Ret proteins, or over one or nwre serine/threi>- 
nine kmascs which do not belong to the CDK family. 

In one embixliment of the invention, there is provideil a 
PKC inhibitor which is selective for PKC over the serine/ 
threonine kiiuises which do not belong to the CDK-family, 
e.g. serine/threonine kinases which are not CDK-l protein. 
The selectivity of a selective inhibitor of PKC over oiher 



more seriRcAhreonine kinases which dt) not belong to the 
CDK-family, e.g. over one or more of IHCA, PKB, Abl. Mel, 
Src. Ins-R, X'\K-2, KDR and Ret proteins, e.g. over one 
or more of int*3« l\K-2, KDR and Ret proteins. 
50 llie compounds of the invention in free form or in phar- 
maceiiticatly acceptable sail form are useful in the treatment 
and/or prevention of diseases or disorders mediated by T 
lymphocytes and/or PKC. e-g. mediated by a and p. and 
optionally B I'KCs, e.g. acute or chronic rejection of organ. 
$5 tissue or cells alio- or xenografts, graft versus host diseases, 
autoimmune diseases, intlamniatory diseases, infectious dis- 
eases, cancer or cardiova,sculnr diseases e.g. heart failure. 1*he 
lemi "transplant" as well as "cells, tissue or organ" encom- 
passes, for example, skin, e>'e or ptmions of the e>e (e.g., 



protein kinases may be calculated as the ratio of the IC,„ 60 cornea, retina, lens), bone manow. muscle, heart, lung, 

measured for PKC in the assay described below over the hcartlung, liver, kidney, pancreas (e.g., islet cells, p-cells). 

determined for :uiothcr kinase parathywid, bowel (e.g., colon, small intestine, duodenum). 

In another embodiment of the invention, there is provided neuronal tissue, bone and vasculature (e.g., artery, vein), 
a PKC inhibitor for which the ratio i>f the IC,,, value as The selective PKC inhibitors of the invention are. there- 
determined in an Allogeneic Mixed LymplKK7ie Reaction 6$ fore, useful in the treatment and/or prevenlton of athentscle- 
(MLR) assay to the ]C$q value as determinc^S in a BM assiiy is losis. vascularooclusion due to vascular injury such as angio- 
higher than 5. 1 0, 20 or 30, preferably higlwr Uian 20 or .30. plasty, restenosis, obesity, syndrome X, impaired glucose 
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tolerance* polycyslic ovar>' syndminc, hypertension, heart 
raiJurc. chronic obstructive pulmonary disease, CNS diseases 
such as Alzlieimer disease or amyotrophic lateral sclerosis, 
cancer, infectious diseases such as AIDS, septic shock or 
adult respiratory distress syndrome, ischemiii/repcrfusion 
injury e.g. myocardial inlarction. stroke, ^ui ischemia, rcual 
failure or hemorrltage shock, or traiunatic shock, e.g. tniu- 
malic brain injury, 'lite isozyme selective \*KC inhibilons of 
the invention aro also useful in the treatment and/or prcveti- 
lion ofT-cell mediiited acute or chronic inllumntaiory dis- 
eases or disofxicfs or autoimmune discuses e.g. rheumatoid 
aithritis. osleoanhrilis. systemic lupus eiythemalosus. I lasli- 
imoto'sthyroidis, multiple sclerosis, myasthenia gravis. dia« 
bclcs type I or II and the disorders associated tlicrcwitli. 
rcspimtory diseases such as asthma or inllainmatory lung 
iojuiy, inflammatory liver injury, inflammaioiy glomenilar 
injury, cutaneous muni Testations of immunological ly-medi* 
ated disorders or illnesses, inHaminatory and hyperprulifeni- 
tivc skin diseases (such as psoriasis, atopic dennatitis, aller- 
gic contact dermatitis, irritant contact dermatitis and furtlier 
cczematous dermatitises, seborrhoeic dermatitis), innanuna- 
tor>' eye diseases, e.g. Sjocgren's syitdfome. kerat^KonjuiK- 
tivitis or uveitis, intlammatory bowel disease, Crohn*s dis- 
ease or ulcerative ct>lilis. 

The selective HKC inliibitors ofthe invention in free form 
or in pharmaceutiaiUy acceptable s<tlt form exhibit valuable 
pharmacological properties, e.g. as indicated by the followittg 
in vitro and in vivo tests. 

A. In Vitro Tests 

1. In vitro Determination ofthe Specificity and Selectivity of 
the PKC lnhibiu>ni 

The compounds of the invention nxc tested for their activity 
on dilTeient PKC isoforms itccording to the following 
method. Assay is performed in a white with clear bottom 
384-well micn)titerplale with non-binding surface. The rcstc* 
lion mixture (25 ^1) contains 1.5 |iM of » tridecapcpiide 
acceptor substrate that munics the pseudo substmie sequence 
ofPKCii with the Ala-*.Ser replacement, lOuM **P-.4TP, 10 
mM Mg(N03),, 0.2 mM CaCU. PKC at a protein concentra- 
tion varying from 25 to 400 ng/ml (depending on the isotype 
used), lipid vesicles (containing 30 mot % phospltati- 
dylserine, 5 mol % DAG and 65 mol % phosphatidylcholine) 
at a fmal lipid concentration of 0.5 mM, in 20 mM Tris^HCI 
bufl'cr pi 1 7.4-fO. I % BS.\. Incubat ion is perfomied for 60 min 
at room temperature. Reaction is stopped by adding 50 fd of 
stop mix ( 100 mM UDIA, 200 \\M AI R 0. 1% friton X- 100. 
0.375 mg/well strvptavidin<oated SPA beads in phosphate 
buffenrd saline w/o Ca, Mg. .AOer 10 min incubation at nx^m 
temperatuic, the suspension is spun down for 10 min at 300 g. 
Incorporated radioactivity is measured in a Trihix counter for 
1 mill. IC50 mcasunnncnt is performed on a routine basis hy 
incubating a serial dihition of inhibhor at concentrations 
ranging between 1 ^lOOO ^iM. IC5,, valtics are calculated from 
the graph by curve Atltng witli XL lit<S> software. 

2. IVotein Kinase Cc* Assay 

Human recombinant PKCu is obtained from Oxford Bio* 
medical Research and is used ujider the assay conditions as 
descrihed under Section A.l above. In this assay, compounds 
ofthe invention, e.g. compounds of formula I. inhibit PKC^t 
withan lC\o^l |iM. preferably ^lOnM 

3. lutein Kinase <*pi Assay 

I luman recombinant PKCfS 1 is obtained from Oxford Hiii- 
medical Research and is uscid under the assay conations as 
described under Section A. I above. In this assay, compounds 



ofthe invention, e.g. compounds of fonnula I. inliibit PKCp I 
with an IC^u^] preferably SIO nM 

4. Protein Kinase C5 Assay 

^ I luman recombinant PKC6 is obtained from Oxford Bio- 
medical Research and is used luider the assay conditions as 
described under Section A.l above. Inthisass^iy. comptiunds 
ofthe invention, e.g. compounds of formula I, inhibit PKCA 
with an ICso^ 1 |iM. 

5. Protein Kinase Cc Assay 

! Itmian recombinant PKCc is obuiined from Oxford Bio- 
medical Research and is used under the assay conditions as 
described under Section A. 1 above. In this assay, compounds 
ofthe invention, e.g. compounds of fonnula I, inhibit PKCs 
1^ withunlCM^lMM. 

6. Protein Kinase C'l] Assay 

1 luman recombinant PKCr| is obtained from l^inVera and 
is used under the assay conditions as described under Section 
20 A.l above. In this assay, compounds of the invention, e.g. 
compounds fomiula I. inhibit VKCr\ with an IC^o^l (iM. 

7. Protein Kinase CO Assay 

llumon rccombinatit PKCB is used under the assay condi- 
tions as described above. In this assay, compounds of the 
^'^ invention, e.g. compounds of formula ], inlubit PKC 0 with an 
ICjoSImM. 

8. C1)2K Cosiimulaiion Assay 

The assay is perfoimed witli Jurkut cells Iransfectod with a 

Ml human interleukin-2 prnmoter/ieporter gene construct as 
described by Baumann G et al. in I nmsplani. Phic. 1992;24: 
43-X. the p-galactosidase reporter gene being replaced by the 
luciferasc gene (de Wet J., et al., Mol. Cell Biol. 1987, 7(2), 
725-737). Cells are stimulated by solid phase-coupled <mti- 

3$ bodies or phorbol myristate acetate (PMA) and the Ca** 
ionophore ionomycin as follows. For antibody-mediated 
stimulation Microtite 'f M 1 microliter plates (Dynatech) are 
cozited with 3 ^g/ml goat anti-mouse IgO Fc antibodies (Jack- 
son) in 55 ^1 phosphale-bulTered saliite (PBS) per well for 

•ici three biurs at RT. Plates are blinrked alWr removing the 
antibixiies hy incubation with 2% bovine scrum albumin 
(BSA) in PBS (300 ^1 per well) for 2 hours at RT. AlWr 
wasliing tluec times with 300 PBS per well. 10 ng/ml anti-T 
cell receptor antibodies (WT3]. Becton & Dickinson) and 

45 300 ng/ml anti-a)28 antibodies (I5E8) in SO |i] 2% BSA/ 
PBS m* added as stimulating antibodies and incubated over- 
night at 4" C. Fimilly the plales are washed three times with 
300 (il |>BS per well. Seven three-fold seriol dilutions of test 
compounds in duplicates in assay medium (RPMI 1640/10% 

50 fetal calf serum (FCS) containing 50 ^tM 2-mercaptoethanol, 
1 00 units/ml penicillin and 100 (ig/ml streptomycin) are pre- 
pared in separate plates, mixed with transfected Jurkiit cells 
(clone K22 290.1 123) and incubated for 30 minutes at 37<' C. 
in 5% CO3. 1 00 ^1 of this mixture containing 1 x 1 0' cells aiv 

55 then transferred to the antibody-coated ass;)y plates. In par- 
allel 100 (d arc incubated with 40 ng/ml PMA and 2 )iM 
ionomycin. Afier incubation for 5.5 hours at 37** C. in 5% 
CO;, the level of luciferase is detenu ined by bioluminescence 
meiisurvment. The plates are centrifuged for 10 min at 500 g 

60 and the supernatant is removed by flicking. Lysis buffer con- 
taining 25 mM Tris-phospluiie. pi I 7.8, 2 mM DTf, 2 mM 
1 .2-diaminocyclohexane-N,N,N'.N-tetraacetic acid. 10% 
(v/v) glycerol and 1% (v/v) I riion X- 100 is added (20 p\ per 
well). The plates are incubated at RT for 10 minutes under 

65 conslam shaking. Luciferase activity is assessed with a biolu- 
minescence reader (Lnbsystem, I lelstnlu, I*lnltuid)aner auto- 
matic addition of 50 }d per well luciferase reaction bulTer 
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conlaining 20 mM Iricinc, 1.07 inM (MgC:O04Mg<OH)j 
xSHjO. 2.67 mM MgSO^, 0.1 mM BDTA. 33.3 niM DTI*. 
270 nM coenzyme A, 470 jiM lucircrin (Chemie Drunschwig 
AG), 530 jiM .\Ti* pll 7.8. Ug time is 0.5 seconds, total 
measuring lime is 1 or 2 seconds. l ow control values arc liglit 
units from anIi-T cell receptor- or l*M A-stimulal cil cells, high 
controls an? ftom anii-T cell rcceplw/anti-CI>28- or PM.V 
ionomy'cm-stimublcd cells without any test sample. Low 
contiols arc subtiactod from all values, llic inhibition 

obtained inihe presence ofa test compound Is calculated as lo siraullancous exsangiiination via the aorta, the chest is 



by MLR assay lower than lOOjiM. preferably lower than 10 
fiM. more preferably lower tlian 1 }iM. 

B. In Viw 

Rat I lean iransplantalion 

The strain combimttion used: Male I .ewis (RT' haplotype) 
and BN (RT' haplotype). The animals arcanaeslhctisod ustqg 
inhalatiomil isonuonme. Following hepaiinisation of the 
donor ml through (he abdominal inferior vena cava with 



percent inliibition of ihe high control. Tlie conceniralion of 
test compounds resulting in 50% inhibition (IC50) is deler- 
mined from the dosc-rcsponsc curves. In this assay, com- 
pounds of formula 1 inhibit anti- 1' cell reccptor/anii-C'l)2K 
and PMA/ionomycin stimulated Jurkal cells with an IC^^^ 1 
pM. 

9. Bone Marrow Pnilifcmtive (DM) .Assay 

Bone marrow cells from CBA mice (2 .5x1 0^ celk; per well 
m flat bottom tissue culture microliter plates) are incubated in 
100 pi RPMl medium amlaining 10% PCS. 100 U/ml peni- 
cillin, lOOMg^ml sia*ptomycin ((>ibco BRL. Basel, Switzer- 
land), 50 pM 2-meivaptoethanol (Fluka, Bitchs, Switzer- 
land), Wnin-3 conditioned medium (7.5% v/v) and 1.029 
conditioned medium (3% v/v) as a stmive of growth factors 
and serially dihited compounds. Seven thax^-fold dilution 
steps in duplicates per test compound are performed. After 
four days of incubation 1 pCi '^1 l-thymidine is added. Cells 
are harvested al^eran additional live-hour incubiUion period, 



opened and the heart rapidly cooled. The aorta is ligated and 
divided distal to the first branch and the brachiocephalic trunk 
is divided at tlie first bifurcation, 'llie left pulmonary arter>' is 
ligated and divided and the riglit side divided but left open. All 
15 otlier vessels arv dissccied free, ligated and divided and the 
donor heart is removed into iced saline. 

'llie recipient is pivparcd by dissection and cross-clamping 
of the infra-renal abdominal aorta and vena cava, llie graft is 
implanted with end-to-side anastomoses, using 10/0 
20 monotilament suture, between the donor bracliioccplialic 
trunk and the recipient aorta and the donor right pulmonary 
artery lo Ihe recipient vena cava, lite clamps arc removed, the 
graft tethered ictn>abdominally. the abdominal contents 
washed with warm saline and tlic animal is closed and 
25 allowed to recover under a healing himp. Graft stuvival is 
monitored by daily palpation of tlie beating donor heart 
through the abdomiiuil wall. Rejection is considered to be 
complete when heart beat stops. Increases of graft survival are 
obtaltuxl in animals treated with a compound of formula I 



and incorporated 'll-lhymidine is determined according to administered orally at a daily dose of I to 150 mg/kg bid. 



standard procedures. Conditioned media are prepared as fol 
lows. WEHI-3 cells (Al CC T1B6R) and L929 cells (.VlCC 
CCL 1) arc grown in RPMI medium until confluence for 4 
days and one week, respectively. Cells are harvested, resus- 
pended in the same cuhuic flasks in medium C containing 1 % 



preferably I to 30 mg/kg bid or 10 to 100 mg/kg bid. 

Graft v. Host Model 

Spkicn cells (2x10^) from Wistar/F rats arc injected sub- 
cutaneously into the right Iiind footpad of (Wistar/I'xl^'ischer 



PCS (Schreicr and Tecs 1981) for WRHl-3 cells and RPMI •^^)^ hybrid rats. ITie left footpad is left untreated, llie 
mcdiumforL929ccllsandincubatcdfor2days(WEHI.3)or aniiiials.y treated with th^^ 

«no wiH^k a m9\ 'ITio suTu-maiani k collected, filteivd days (0-3). The popliteal lymph nodes are removed on day 7, 



40 



45 



50 



one week (L929). 'lite supemalani is collected, filtered 
through 0.2 pm and stored in aliquots al -80" C. Cullures 
without test compounds and without WBHI-3 and L929 
supematants ate used as low control values. Low control 
values are subtracted from all viihies. Eligli controls without 
any sample aro taken as 100% proliferation. Percent inliibi- 
tion by the samples is calculated and tlie concentrations 
requited for 50% inhibition (IC^» values) are determined. 

10. Allogeneic Mixed Lymphocyte Reaction (MLR) Assay 

The two-way MLR is performed according lo slanditrd 
procedures (J. Immunol. Methods, 1 973, 2. 279 and Meo f . et 
al.. Immunological Methods. New York, Academic Press. 
1979, 227-39). Briefly, spleen cells from CBA and BALB/c 
mice (1.6x10' cells from each strain per well in Oat bottom 
tissue culture microtiterplates. 3.2x 1 0^ in total) are incubated 
in RPMI medium containing 10% PCS. 100 U/ml penicillin. 
lOOpg/ml streptoniN-cin (Gibco BKL. Basel. Switzerland). 50 
pM 2-mercaptoclhanol (Fluka. Buchs. Swit/erhuid) and seri- 
ally diluted compounds. Seven three-fold dilution steps in 
duplicates per test compound are perfomied. .Mler four d:iys 
of incubation 1 pCi ^1 1-lliymidinc is added. Cells are tuu*- 
vested after an additional ftve-htuir incubation period, and 
incorporated ^H-thymidinc is determined according to stan- 
dard pnKodutes. Backgn^und values (low control) of the 
MLR are die proliferation of B.\LB/c cells alone. Low con- 
trols ore subtracted from all values. High controls without any 
sample arc taken us 100% proliferation. Percent inhibition by 
the samples is calculated, and the concentrations required for 65 
50% inhibition (IC50 values) are determined. Preferably, 
compounds ofthe invention show an ICjh) vnlue as determined 



and the weight ditTerences between two corresponding lymph 
nodes are dcicrmined. 'lite results are expressed as the inhi- 
bition of lymph node enlargement (given in percent) compar- 
ing the lymph node weight differences in the experimental 
groups to the weighl dilTerence between the corresponding 
lymph nodes from a group of animals left untreated with a test 
compound. 

Representative examples of compounds which arc selec- 
tive PKC inliibitors e.g. include indolylmaleimide derivatives 
of formula I 



55 




60 



wherein 

is H: Cj^alk-x'l; or C,.plk>l substituted by OH. NHj, 
Nl IC, .^alky 1 or N(di.C,..»alkyl)3; one of R^. R,^ Kj and R, 
is halogen; Cj ^alkoxy; C ,^a IkyI ; CI*,, or CN and the other 
three substituents are cadt 1 1; or R^. R.^ R^and R^areall 1 1; 
and 
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R is a radical of fonnula (a), (b) or (c) sonicre. For ox«nnplc\ a ring cartwn aloni bearing a subsiitucnt 

in the position 3 ofthe pipcra/inyl residue is asynunetric and 
may have the R- or S-configurution. Il is lo be undenilood that 
the present invention embraces all enantiomers and (heir mix- 
^ tiircs. luianiiomers are prefemxl over raceniales. Similar con- 
siderations apply in relation to starting materials exhibiting 
a^nutietnc carbon atoms as mentioned. 
Alkyl or alkoxy may be siraighi or branched. 
1 lalogcn may be 1% CI. Br or K pfclbrably F. CI or Br. 
By heterocyclic residue is meant a three to ciglit, preferably 
five to eight, membered s«itiir«i(ed, unsaturated or ammatic 
heterocyclic ring comprising 1 or 2 helenxitoms, preferably 
] s selccled from N. O and S, ami opiionally substituted. Suitable 
examples include e.g. pyridyl,. e.g. 3 or4.pyridyl, piperidyl, 
ivi e.g. piperidin-l-yl. 3- or 4-ptpcridyl, homopiperidyl. piper- 
a/inyl, homopipera/inyK morpho1in-4»y|, imidaAily], imida- 
/olidinyl, pyrn)lyl or pyrn>lidinyL optionally subsiilutcd, e.g. 
mono- or polysubslituted. When (he hetenKydic residue is 
subsiilutcd. this may be on one or more ring carbon atoms 
and/or on a ring nitrogen atom when prvsen(. Hxamplcs of a 
substiluent on a ring carbon atom include e.g. C|^alkyl e.g. 

^I^^^gjjj C.^.^cycloalkyl e.g. c>'cIoprapyl. optionally ftirthcr substt- 

R, is _{CHj),-NR3R,. ^^^"^ Ci.,alkyl: 

wherein 

each of R^ and R4, independemly. is 1 1 or C , ^alkyl; or R, 

and R4 form together with the nitiugen atom to which 

thc>' are bound a heterocyclic residue: 
n is 0^ I or 2; and 
Rj is H; halogen; Ci.^alkyh CF^; Ol 1; SH. Nl 1^; C,.^alkoxy; 
C,.4alkylthio; NHCi^alkyl; NCdi-Ci.^alkyDa, CN. alkyne 
orNOj; 

Rach of Rio and R,Od, indepeitdently, is a hetenKyclic ivst- 
due: or a radtcal of formula a 




<i 



35 



wherein p is 1, 2 or .3, preferably I; CI',; halogen; Ol I; NHj; 

40 - C! I2--NR7RH wherein each of Rt and R^, independently* h 

wherein X is a direct bc»nd. O, S w NR» » wherein R„ is II j , c'^^aikyi. or R, and R, fomi together with (he niimgcn 

^ ^T^*"^ ^ .. . , . atom to which the>- aiv bound a heiei\icycltc residue or a 

ts C, .alky ene or C, .alkylene wherem one Cli, is . . , ^mt ^^n • -r 1 1 w t 

f . o I • rt> it> ■ M r.i heleroaryl; (11, -011; pipcridm-l-yl; or pyrrohdmyl. 

replaccdby CR.R,.whercuioneofK. andR,.isII andthe /' *. . '/ ' 

other is CI I3 each of R, and R, ts CI 1, or R, and R, tbnn ^''^"^P^^^ ^"^^"'^^''"t ^ ^^^^^^^ ^^^^"^ ^ 8 

together CH,-CH, , • • > 45 c,.,alkyl; 3C>'K e.g. R', CO wherein R', is H. C,.^alk7l or 

Y is bound 10 the'temiinal carhin atom and is selected fnnn P^^'ny' op»«nally substituted by C,.^alk7l, C,.^alkoxy or 

OH, — NRjj^R^o wherein each of R^^ and R40. indepen- a""n". e g fonnyl; Cj^^cycloalkyl; C.».oCycloalkyl-C,.4alkyl: 

dently. is II. C^.<jcycloalkyl, C,.^c>cloalkyl-C,^alkyl, phenyl. phcnyl-C,^alky I e.g. benzyl; a heterocyclic residue* 

juyl-C,_talkyl. hctenxifyl-C,^alkyl. Cj.^^alkenyl or j.^^ e.g. as disclosed above, e.g. an aronuitic licteiucyclic residue 

C,.4alkyl optionally substitiued on the tcmiinal carbon comprising 1 or 2 nitrogen atoms: or a residue of formula p 
atom by OH, halogen, C, ^alkoxy or "NR<i(,R<i„ wherein 

each of R50 and R^,, independent ly. is H, C, ^alkyl C^^cy- ^>rZ ^P) 
cloalkyl, C,.<5cycloalkyI-C,^alkyl. aiyl-C,.4alkyl, or Ri„ 

and R40 form togetherwith the nilrogenalom to which they 55 wherein R, is (",.4alk7lene«H'C3_,alkylene interrupted by O 

arc bound a heterocyclic residue; and and Z is OH, NHa. NH(C,.4alkyl) or N(Ci^alk7l)j. 

each of R JO and Rj^.,. independently, is H; halogen; C.^alkyl: wiien the subs(itucnt on a cyclic niux>gen is a heterocyclic 

Cj.4alkoxy; CF^; nitrilc; nitro or amino, in free form or in residue, it may be a Hve or six membered saturated, unsalur- 

sah tomi. oraronuilic hetenKydic ring comprising 1 or 2 heteroa- 

llic compounds of fonnula I arc novel and therefore form preferably selected from N, O and S. Examples include 

alsoparlof (he uivenUon. . 1 1 • -i ■ • 1 1 <> * - 

„ . . e.g. 3-or4-pyridyl.pipemlyl. e.g. pipendm-l-yl. 3-or4-pi. 

Inferably Y comprises a nitr\>geii as heleroalom and 1 1 1. • 1 1 • • 1 u • 1 • 

„ ^ . . , r ui t . 1 r . vt pendyl. homopipendyl, pipera/myl, homopipeni/myl, pyn- 

optionally a second hetentutom, pivfeiubiy selected from N* ... . , ,- / . • . . 11 * • 1 i- ♦ 

O and s/and oplkmally substituted. morpholin-4-yK imidazolyl, imidaAJlidmyl. pymv 

It will be appreciated that the isozyme selective l»KC 6$ Py^^'^'ny^- 

inhibitors of the imrcntion. e.g. compounds of formula I, m;iy Further examples of heterocyclic residue as R|„. R,(|^ or Y 

exist in the fonm of optical isomers, racemates or diastereoi- include e.g. a residue of Ibrmub (y) 
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II 



XT 



whcrvin 

the ring D is u 5, 6 or 7 niemb«nid Haliiraled, unsaturated or 
aromatic ring; 

X,, is — N^. -C-n. or —CI I—; 



to 




X,is Nz^. NIV 



or 



cur; 



wherein Kyr is 



15 



a siibstitueni its indicated alxwe lor a ring nitrogen aloni. 
and is a substitiieni as indicated above for a ring carbon 

atom; 

the bond between and is either saturated or unsaturated; 

each of C, and Cj, independently, is a cailuin atom which is 
optionally substituted by one or two substituents selected 
among those indicated above for n ring carbon atom; and 

the line between Qy and and between C, and X^, respec- 
tively, ixrprcseuts the lumibcr of carbon atoms as rvquiaHl to 
obtain a S, 6 or 7 mcsnbcicd ring O. 

whereby when Y is a reKidue of fonnutu (y) at leiisl one of Xi^ 
and X^ is N=. 

A pref«;rred rvsidue of formula (y) is one wherein the ring 
Dfonnsa 1, 4*pipera/.iny I ring optionally C- - and/or N-sub- 
stilutcd as indiculcd 

Rcptcscntalive examples of a rcsldtic of formula (y) ore e.g. 

3- or4-pyridyl; pipciidin-l-yl; 1-N (C,^alkyl)*or-(<*>-hy- 
d^>xy-Cl^alky]^3-pipcridyl; morpholin-4*yl; imidazolyl; 
pynxiUdtnyl; l-pipeni/jnyl; 2«C|uolkyl- or — Cj.(^cy- 
cloalkyM-piperaadnyl; 3-C,.4alkyl- or — C,.|^cycloalkyl-l- 
pipciannyl; 2,2- or 3.5- or 2,5- or 2,6-di{C,^alkyl)- 1-piper- 
a/inyl; 3,4,5-tri-(C,.4alkyl)-l-pipera/Jnyl; 4-N— (C,.^ 
alkyl)- or •(«>-hydn>xy-C,.4alkyl)- or (tD-dimethylamino- 

alkyl)-l-pipcfazinyl; 4-N-pyridin-4-yl- 1 •pipera/inyl; 

4- N«phenyl- or — C,.^cycloaIkyJ-l-piperazinyl; 4-N (C,.^ 
alkyl)- or -(ii)-hydroxy-r,^alkyl)-3-C,^alkyl- or -33-di 
(C,^ alkyl)-l-piperazinyl; 4-N-{l-C,,4alkyl-C3.ftCy- 
cloa]kyl)-l-piperazinyl; 4-N-fon«yl-l-piperazinyl; 4-N-py- 
rimidin'2-y !♦ 1 *pipcrannyl; or 4-N <*,^alkyl- 1 - 
homopiperazinyL 

In the compounds of formula 1, the following significiuices 
aiv preferred individually or in any sub-combituition: 

1 . R^ is H or methyl; 

2. one of R^. R,. and R^ is methyl or ethyl and the olher 
ihrec substituents arc U; or R^, R^. R^ and R^ arc all H; 

3. each of R^^ R^o and R^^.,. independently, is 1 1. CI. NO^. K. 
CFj or methyl; 

4. n is o or 1; 

5. each of Rj and R4, independently, is 1 i. inethyL ethyl or 
i-propyl ; or R^ and Kt fonu together with tlie niuxigen atom 
to which they ore boimd a heterocyclic residue e.g. an 
optionally substituted pipciuzinyl or pyrrolidinyl; and 

6. each of Rk,. R^, and R,^^, is a heten>c)'clic residue, prefer- 
ably a pipcrazin- 1 -y I optionally substituted by CI \^ in posi- 
tion 3 and/or 4 or in position 3 by ethyl; — CU2NR7R,, 
C,.4alkoxy-C,_»alkyl or halogeno-Cj.4alkyl; even more 
preferably piperazin-1 -yt substhuled by CI I t in position 4. 
The present tnx'cniton also includes a process for the prepii- 

ration of a compound of formula I which process comprises 
reacting a compound of fonnula 11 



wherein R« to are as defined above, 
with a compound of fonnula III 

R_<:n^_<x)~NH^ 
wherein R Is as defined abiwe, * 



(III) 



20 and. where required, convening the resulting compound of 
formula I obtained in free form to a salt form or vice versa, as 
appropriate. 

The process may conveniently be effected in the presence 
of a strong base, e.g. t-DuOK. e.g. as disclosed in WO02/ 
25 3856! or WO 03/0H2S9. the contents of which being incor- 
porated herein by reference, and as illustrated in ihe 
Hxaniples. 

Compounds of formula II and III may be prepared inaccor* 
dance with known methods, e.g. as disclosed in WO02/3856I 
30 or WO 03/08259. the contents of which being incorporated 
herein by refeanice. and as illustrated in the Hxamplcs. 

I'unlicr examples of selective PKC inhibitors according to 
the present invention arc e.g. compounds of formula lb. 



35 



lb 
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whca*in each of R,. R^, R^. R;. R„, R„ and R^, independently, 
is 11 or an Ci.^j^,^,^; R,, is (CI ljX^ — CN. and n* is 0 to 5. 

In the compounds of formula lb. the following signiHcan- 
ces are preferred individiuilly or in any sub-combination: 

1— R„ R^. Rjt, R„. R„ and R^ an; all 1 1: 

2— R, is CM,; and 
3 RftisCCH^h CN. 

Thecompouitd of formula lb wherein R^, R^, R^, R„, R^and 
R„ aa- all 1 1. R, is CM,, and Rj^ is (CI \^)^ CN is well known 
in the art. and disclosed e.g. in Manin-Baron et al.. The 
Journal of Biological Chemistry (1993), 268 (13). pp 9194- 
60 9 1 97. the content thereof being incorporated by reference. 
Hie compounds of formula lb. in particular the compound 
of formula lb wherein R,, R.. R*, R«, R„ and R^ are all H, R; 
is CM , and R^ is (CHa)j-CN, may be selective PKC inhlbi- 
lors, e.g. selective inhibitors for the isofbrms a and |) of Ihe 
65 PKC o\'er the other existing PKC isttforms. 

'Ilie compounds of the invention, e.g. compoimds of for- 
mula I or lb. may exist in five form or in salt form, e.g. sails 
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with eg. oj]^c or moronic acids, for cxiiinplc. bydrochlo- 
ric acid, acetic acid, triiluoroacctic acid 

Insoiar as the produciton or ihu sinrling ituilcrials is lun 
particubriy described, the compounds arc known or may be 
pivpiired anakigously to method:! kiunvn in the art or as 
described hereafter. 

Ilie following examples arc illustrative of the invention 
without any limitation. 

AcOl I=acctic acid 

DJX}^23-diGhlofO-5,6-dicyano*l,4-bemMXiuinone 

DMF'^dimcthylformamide 

HtOAc^ethylacetatc 

MeOH-methaiH)! 

Pd2(dba)3^Pd(0)-bis(dibenzv'lidenacetone) 
TOAI'-tetnibutyl anunonium fluoride 
TI IF-letrahydrofunin 
FCC-flash column chnimittogmphy 
TLC^thin layer chromatography. 
Kf-roora temperature 

RXAMPLH I 

3-(2-Chloro-7-dimcthy himinomclhy 1-naphthalcn- 1 - 
ylHH l-mctliyl-li I-indol-3«yl)-pyiTolc-2,5-dionc 




l^eparation of 2-(2-Cliloro-7-dimcthylaniinomcthyl- 
naphthalcu' 1 -y O-acetamidc 

(2-rhloro-7-dimelhylaniim>melhyl-naphlhalen« I -yl)-ace- 
5 tic acid ethyl ester (2.70 g. 8.82 mmol ) and formamidc (1.17 
ml* 29.57 mmol) ore dissolved under an atmosphea* of aigon 
in ilry DMF (25 ml). Tltc soluiksn is heated to 105'' and 
NaOMc(l.64 ml of a 5.4 M soliUion in McOH, 8.82 mmol) is 
added dropwisc during 10 minutes. After I hour at 105^ C, 
10 ll.C analysis indicates complete consumption of stalling 
material. The reaction mixture is cooled to RT diluted with 
water, and adjusted to a pM of 6-7 by tlie addition of 1 M 
NallSO^ solution. Ilic mixmre is concentrated and puriflod 
by I'CC (CI IjCl2)litOH/Nll:, cone. 90:9:1) to yield the title 
15 compound. 'H NMR (d^-DMSO, 400 MHz): 6 2,01 (s, 6H). 
3.48 (s. 311), 4.02 (s, 3H). 6,9-7.0 (br. I H). 7.4 1 -7.47 (m, 2H); 
7.47.7.85 (br, HI). 7.75-7.88 (m. 2H)» 7.80 (d, J-12.1 H/, 
IH), IiS*-MS: 277.3, 279.2 IM+III*. 

20 Preparation of (2-Chloro-7-dimethylaminoniethyl- 
naphihalcn-l-yl)*ace(ic acid ethyl ester 

Dtmethylaniine (5.6 M solution in hUOH, 4.2 ml. 23.20 
mmol) is added under an aUnosphere ofuigon to a solution of 
25 (2-Chlofo-7-fonnyl-naphthalen-l-yl)'acctic acid ethyl ester 
(4.28 g, 15.46 mmol)inTl IF (80 ml), llic mixture is stinedat 
R1' for 18 h, before a solution of sodiimi cyanobomhydride 
( 1 . 1 6 g, 1 8.56 mmol) in Me()l I (20 ml) and gkicial acetic acid 
(4.4 ml. 77.33 mmol) arc added Afler stirring at RT for 2 h. 
30 TI-C analysis indicates complete consumption of starting 
material 'Hie reuclion mixture is diluted with water and 
adjusted to pH 8-9 by the addition of cone. aq. NaHCO, 
solution. Extraction with l:iOAc, washing with brine, drying 
over Na2S04 and removal of solvent yields the crude abaction 
35 pn^dtict. Purilicmion by FCC (EtOAc, then FtOAc/MeOH 
4:1) ofloids the title compoimd. ' H NMR (CDCU, 400 Ml 1/): 
6 1.26 (t. J-8.8 Mz, 3H). 2.28 (s, 6H), 3.62 (s, 3H), 4.18 (q. 
J-8.8 Hz, 2H), 4.32 (s, 3U). 7.48 (d. J=9.9 Hz. 111). 7.52 (d. 
J-9.9 Hz, IH), 7.73 (d, J -9.9 Hz, IH), 7,80-7.84 (m, 2H). 
F-S"-MS: 306.3, 308,2, (M+Hl*. 
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Activated 3 A molecular s\cvc (2.0 g) ts added to a solution 
of 2-(2-Cliloro-7-dmuHhylaminomethy Umiphthulen- 1 -y I )- 
acetan^* (1 .Og, 3.6] mmol) and (1 -Methyl- II l-indol-3-yl)- 
oxo-acetic acid methyl ester (1 .02 g. 4.69 mmol) in diy 'II II* 
(SO ml) under an atmosphere of uigon. A solution of 1 .0 M ^ 
KOlDu in nil- (10.9 ml, 10.9 mmol) is then added in one 
portion at RT. v\fter 1 h at RT, VlJC analysis indicates com- 
pleie conversion of starting materials. *llic rcactton mixture is 
diluted with UtOAc aitd poured into a saturated aqueous 
NH4CI solution. 'Ilie organic layer is separated, washed with 
brine, dried over NajS04, and the oiganic solvent is evapo- 
rated. The residue is puriHed by Vi C (HtOAc/AcOII/HsO 
600: 1 SO: 1 50) to aiTord the title comp(nmd, which is dissolved 
in ghicial AcOH and tyophili/ed. 'Ilie title ctmipound is 
obtamed as tlie water soluble bis-ucebite salt. '11 NMR (d^^- 
DMSO. 400 MHz): h 1 .80 (s, 6H). 3.20-3.42 (m, 2H), 6.10(d. 
J-9.0 Hz, 1 1 1). 6.44 (t, J-9.0 Ilz, HI), 6.94 (t, J-9.0 Hz. 1 1 1). 
7M (d. J-9.0 Hz, IH), 7.34 (d. J-9.0 Hz, 111), 7.42 (s. III), 
7.63(d,J^10.8llz.lH),7.89(d.J 9.6Hz. I H), 8.03 (d, J-9.0 65 
Hz, IH), 8. 10 (s, I H). 1 1 .0-11 .3 (br. IH). liS*-MS: 444. 446 
IM+Hl*. 
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Hrepaiaiion of 
(2*Chloio-7-formyl-naphlhalen-l •y])*acettc acid 

ethyl ester 

(2-Chlon>-7-cyano-naphtha]en-l'yl)-acetic acid ethyl 
ester (5.53 g, 20.20 mmol) is dissolved in a mixture of water 
(70 ml), pyridine (130 ml) and glacial acetic acid (70 ml). 
Sodium hypophosphitc (17.13 g. 161.62 mmol) and Raney 
nickel (1 3 g) aa* added at R 1. llie reaction mixture is heated 
to 100^ C. for 1 h.TLC analysis indicates complete consump- 
tion of starling niuterial. 'Hie reaction mixture is cooled to RT, 
filtered thiough Cclitc and concentrated on a rotar>' evapora- 
tor. Ilie residue is taken up in 2 M aqueous HCl. F.xtraction 
with BtO.Ac» removal of solvent and purification by FCC 
(hexanc/EtO.\c 5:1) yields the title compound. 'H NMR 
(CDCl,. 400 MHz): 6 1.28 (t. J-8.8 Hz. 3H), 4.22 (q, J-8.8 
Hz, 2H). 4.39 (s, 2H). 7.68 (d. J-9.9 H/. IH). 7.83 (d. J=9,9 
Hz, 111). 7,95-8.03 (m, 211). 8.48 (s, IH), 10,2 (s. III). Fi^"- 
MS: 275.3, 277.3 |M+H)*. 

IVepamtion of 
(2-Chtom-7-cyano-miphthalen-l-yl)-acctic acid ethyl 

ester 

(2-Chloio-7-irifluoromethanesulfonyloxy-naphthaIc»- 1 • 
yl)-acetic acid ethyl esier(9.30g, 23.43 nmiol) is dissolved in 
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DMI- (80 ml) imdcr an ainu>sphciv of argon. l»alladium(0) mixture homogeneous. Sjhea gel (250 g) is added, and the 

teirakis(triphcnylphosphane)(l.08g.0.9375mniol)andzmc solveni is wmovcxl by miary evapiiration. Purilicaiion by 

(II) cyanide (5,50 g, 46.H7 inmol) arc added. Ihe reaciion I 'CC(hexanc/l:iOAc 9:1) yields the title compound. IINMR 

mixture is healed to 1 25" C. After 1 lu TlX amilysis indicates (01X1,. 400 Ml Iz): b 1 .24 (I. J-8.8 I Iz. 3H), .^.95 (s, 311). 

complete consumption ofsiariing material. Tlw suspension is 5 4.19(qJ-8.8 Hz. 2H), 4.28 (s.2H), 7. 16-7.19 (m. III). 7.22 

cooled to RT and poured onto water. After siinring for 15 (g^ HJ), 7.38 (d, J- 10 Hz, lN),7.68(d,J 10Mz,lH),7.75(d, 

minutes, fillrwlion and concentration afToixis Ihe crude rxjac- j^jq jj.,, |H). FS*-MS: 279.2, 281,2 |M+H1*, 
lion pnjduci. Ihmfication by I CC (hcxanc/HtOAc 4:1) 

affords ihc lillc compound. 'H NMR (CDCl,, 400 MHz): 6 IVcparolion of (2dilon>-7.meihoxy-3.4-dihydro- 

1 .26 (I, J-8.8 Hz, 3H), 4.19 (q. J-8,8 Ha 2H), 4,28 (s, 2H), lo naphlhalcn-l -yD-acciic acid clhyl ester 

7.62.7.66 (ra.2H), 7.79 (d,J=9.9 Hz, lH),7.92(dJ- 9.9IU ' 

IH). 8.^2 (s, HI). ES-«MS; 274.2 IM.Iir. (2^hloit..I.hydroxy.7.meihoxy.l.2.3.4.teuahydio. 

l>n!panitton of (2^'hIoro-7-irilluofomcthaiicsulfoiiy- naphlhalen-l-yO-acetic acid ethyl esier (42.7 g. 1 42 9 mmol) 

loxy-tuiphthalen- 1 -yl)-acelic ncid eihyl csler 1 5 is dissolved under an aimosphcre ol argon in pyridmc (250 

ml). Trifluoromethancsulfonic acid anhydride (30,7 ml, 1 85 .8 

(2-Chlom.7-hydroxy-naphihalen-l-yl)-acelic acid ethyl mmol) is added during 30 minutc»s. while keeping ihe tem- 

ester(8.03 g.:K)33 mmol) is dissolved under an ainiosphere pcYalurc al 25"* C. wilh occasional ciwling with a ice bath, 

of Qigon in pyridine (60 ml). After cooling to 0" C. irilluo. After addition is compleie* Ihe reaction mixture is wamied to 

romethancsulfonic acid anhydride (5.50 ml. 33 36 mmol) is :o 50*»C. for 2 h. TLC analysis indicates complete conversion of 

added diopwise during 15 mijmies. After stirring at 0* C. for starting material. 2 M aqueous HCI (100 ml) is carefully 

1 5 minutes and at RT for I h, TLC imalysis indicates complete added, and then the reaction mixture is concentrated to dry- 

consumption of starting material . The reaciion mixture is ^^^^^ o„ rotary evaporator. Hie ivsiduc is taken up in 2 M 

poured into 1 M aqucH>us NaHCO, solution. A ft er exiraciion aqucinis HCI ( 1 00 ml) and exiracicxl with KtOAc. Ilie organic 

wilh EtOAc. washing with brine and diyiiig of the oiganic 25 j^y^ NajS04 and concentrated. Purificaiion by 

layer over NajSO^, concentration yields the crude nsaciion (F.iOAc) affords ihe lille comptnmd. ES*-MS: 281.2. 

pnxiuct. Purilicalion by FCC (hexane/RlOAc 4; 1 )anards the ^ IM+HI* 

tillecompound. •HNMR(CTX^l3,400MHz):A M3 (I.J 9.4 ' ' " 

V.?/^^/:?;^m 7 M J-1 nJz 7 72 (m 3« »'^Taniiion of (2^hlor.>-l.hydn.xy-7.methoxy.l,2, 

3.4tTtrahydro.naphthalen.l.^^^^^^^^^^^^^^ 

' ' A solution of KtO,\c ( 1 6. 1 ml, 1 64,48 nunol) in THF (250 

Preparation of ml) is slowly added under an atmosphere of argon at -78** C. 

(2-Chtoro-7-hydroxy-miphlljalcn- 1 -y I )-acetic acid 35 10 a siiluiion of lithium diisopropylamine (prepared from 23,3 

cll^rl csicr ml of diisopropylamine ( 1 64.48 mmol) and 102 .8 ml of 1 .6 M 

n-liuIJ in hex;mc (164,48 mmol) in THF (250 ml). After 

(2^iloiw.7.mcthoxy-naphiha!en- l.yl)-aceiic acid ethyl sUning at -78* C, for 30 minutes, a solution of 2-chloro.7- 

ester (12.0 g, 43.10 mmol) and letrabuiylammonium iodide inclhoxy-3»4-dihydnv2H-naphlIialcn-l-<me (31.5 g. 149.53 
(20.7 g, 56.04 mmol) arv dissolved under an atmosphere of 40 n 11- (250 ml) is slowly added during 30 minutes, 

aigon in CH^CIj (240 ml). The reaciion mixture is cooled to The reaction mixture is stirred at -78*^ C, for 1 h.TLC analysis 

-78**C.anda 1 M solution of BBr^ inCH2Cl3(108ml 107.77 h«Jicaics complete conversion of starting material. A sat. 

mmol) is added during 30 minutes. After stirring at -78" C. o^„eous solution of NH^Cl (250 ml) is carefully added to the 

for 1 5 minutes and al RT for I h. TLC analysis indicates ^^^.^^ ^.^^^^ ^„ j^j^,^ 
complete ^nsuniplion of siartmg materia" .A sat. aqueous 45 , separated, diluted wilh EtOAc and washed 

solution of Nal ICO, (8 ml) is careful y added. J^e «yanic brine After drying over Na,SO,. the solvent is removed, 

layer is se|..naed, wasb^^^ ,> rilicationby FCC(lfexane/Et6Ac 4:l)yieldsthetitlecom. 

conc«iLral«^. ^ pound. >HNMR (CDCI,.400MH/): 61.27 (I, J-9.4H/.3H). 

ytehfe the I. e I 211). 2.78.2.88 (m. 111), 2.86-3.02 (m, 211). 

l,5l(l,J-9.9Hz,3HX4.43(q.J-9.9Hz,2H)»4.48(s, 211), 50 ^ii. 4 is j^^od iiy 2m 

6.28-6,36 (br. IH). 7.29-7.32 (m. IH), 7,48.7.49 (m, IH), 5-3. 4 (n , / )• 310^ 4. 8 (q J ;,4 Hz. 211), 

7«M J inH-y im J-IOHy IH^ 796 fd J-10 5.02-5.08 (m, IH), 6-81.6.84 (m, IH), 7.03 (d, J-10.5 HZ, 

Preparation of 55 
(2-Chloru-7-niclhoxy.naphihalen-l-yl).acciic acid ^ » ^Jf^f"?-!!**" . . . , , 

ethyl ester 2-Cliloro-7-mcihoxy.3.4-dihydro.2l I>naphthalcn-]-one 

A mixture of (2-Chlon>.7-melhoxy'3,4-dihydro.2n-naph- A solution of 7-Meihoxy-3,4^ihydm-2l l-naphthaIen-l- 

thalen.(Hi/Z)-ylidenc)-aceiic acid clhyl ester mid of 60 one (25.6 g, 1 45.28 nmiol) in THF (30O ml) i» slowly added 

(2.Chloro-7-mclhoxy-3.4-dihydnvnaphll»len-l'yl)-acctic uruler an almospherc of aii^on al -78' C. 10 a solution of 

acid ethyl ester (26.82 g. 95.52 mmol) is dissolved under an lithium diisopropyl amine in THF (300 ml: prepared from 

atmosphere of argon in dioxane (280 ml). 2.3-Dichloro.5,6- 22.6mlofdiisopropylamine(160mmol)and lOOmlof 1-6M 

dicyano-p-bcn/oquinone (DDQ. 47.70 g, 210.16 mmol) is n-IUiLi in hexiinc( 160 mmol)). After 30 minutes lU -78*r., 

added and die reaciion mixture is reftuxed for 2 h. LLC 6S a solutionofpara-tolylsulftmyl chloride (30.5 g. l59.8mmol) 

analysis indicates complete conversion of storting material. in 11 IF (300 ml) is added during 20 minutes. The diy ice 

After cooling to K\\ twldition ol* MeOH renders the reaction cooling bnlh is removed, wid the reaction mixture is allowed 
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to njach RT. After I li. 'I LC analysis indicates complete ci>ii- 
sumption of starling material. A sat. aqueous solution of 
N1 14CI (100 ml) is added, and the mixtua' is stirred at RT for 
IS minuics. llic oiganic layer is sepaialed. washed with 
brine, dried over Naj^Q* and concenirated. Ihirilication by " 
FCC (hexane/UiOAc 3: 1 )yiclds the title compound. Ml NMR 
(CDCl v 400 Ml I/): 6 2 J2-2.52 (m, 21 1)» 2.82-2.90 (m, 21 1). 
X10-3;i8(m.2H),3.78(s, I H). 4.52-4.58 (ni. III). 7.01-7.05 
(m. IH), 7.11 (d,J-8.8 Hz, I II), 7.47-7.48 (m, III).15S*-MS: 10 
211.3.213.3 IM4nr. 



By IbUowing the procedure of Hxample 1 , but using the 
appropriate starting materials, the compi>unds of lonnula A 
whereiji Rj. R^. R^.. R^ R> and R4 are as indicated in Table 2 
below, and is 1 1, may be obtained. 



lABLH ! 



A 



15 




20 



30 



16 



lADLB 2 



B 



o.. X 










R4 




K 


MS 




n. 


H 


H 


cn, 


Cll.» 


Mir 410 




IV. 


it 


II 


II 


<:ii. 


Mir )96 




:o. 


It 


H 


H 


tt 


MH' 3M 




21. 


}| 


U 




K 


MH* 396 



By following the procedure of Itxampic 1 , but using the 
appitipriatc starling materials, the compounds of formula B 
wherein R^^. K,. R^ and R, an; H; and R^, R^ and R4 are as 
indicated in Table 3 beUw, may be obiaincxl. 



.15 













K 


K 


MS 




U 


H 


CH, 


H 


H 


H 


MII*417 


3. 


H 


CH, 


K 


H 


H 


H 


.MH*417 


4. 


H 


Cll> 


CH, 


ft 


H 


H 


MH' 4^1 


5. 


H 


CH» 


H 




H 


H 


MH'43I 


6. 


It 


Cllj 


II 


It 


CII, 


It 


Mir 431 


7. 


H 


CHj 


H 


II 


H 


CH, 


Mir 445 


8. 


CHi 


CH, 


H 


CK, 


H 


H 


MH*444 


9. 


CH, 




It 


H 


H 


H 


Mir 431 


111. 


CH, 


CH, 


11 


H 


CM, 


M 


Mil* 44S 


11. 


CII, 


CH, 


H 


H 


11 


ni. 


MH* 445 


12. 


ni, 


ch/:h. 


CH, 


II 


H 


H 


MH* 45*» 


tx 


CHjCHi 


ch/:k, 


CH, 


II 


H 


H 


MH' 473 


14. 


H 


ch/:h, 


CH, 


It 


H 


H 


Mir 445 


I.V 


11 


i-pn">p>l 


CH, 


11 


H 


H 


Mir 4.W 


16. 




CH, 


II 


II 


H 


MH' 5ti» 




CH; 


-CH,- 












17. 




CHj-CH^ 


CH, 


H 


K 


H 


MH* 471 



CH, 



45 



50 



55 



60 



TABLE 3 



n 




M,S 



22. 
23. 



H 
II 



II 

H 



II 
CII, 



Mir 16» 
Mir 3S2 



By following the prtKcdure of F.xample 1. but using the following Ihc priKcdure of l^xuniple 1. but using the 

appropriate starting materials, the ci^nipounds of formula B appropriate starting materials, the compounds of formula C 

wherein R,. R^and R^ are H; and R„, R^. R, and R4 are as wherein R^. R.* R,/ and R, are H: and R^, R, and R^ arc as 

indicated in Toble 2 below, may be obtained. indicated in lable 4 bdiiw, may be obtained. 



* 
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TADUn 4 



18 




lie acid methyl ester (209 mg« 0.96 mmol) are diswilved under 
an atmosphere of argt>n in a mixture of diy DMF (2 ml) ami 
diy THl- (2 ml). A solution of 1 .0 M KOtBu in THF (1.9 ml. 
1,9 mmol) is then added at RT. ARer 1 h ai 50*» C, Tt.C 

s analysis indicated complete conversion ofsiarting materials. 
The reaction mixliire is diluted with EtOAc and poured into a 
saturated aqueous Nl 14C1 solution. The oi^nic bycr is sepa- 
rated, washed with brine, dried over Na2S04, and the organic 
solvcni is evaporated, 'llic residue is purified hy VCC (EtOAc/ 

tu AcOI l/H)0 fiOO: 1 1 5:1 SO) 10 alTord the title ct)mpound. 'H 
NMK (d«-DMSO 400 MHz): 6 2.15 (s. 3H), 2.28-2.32 (m. 
211). 2.92-3.00 (m, 2U). 3.15 (s. 311). 6.21 (d, J-9 Ha 111), 
6.64(tJ-9IIz, IH), 6.88(d.J-9llz, 1H),7.22 (s» IH),7.98 
(br s, 1 H), 8.20-8.22 (m. 1 1 1). I-:S*-MS: 402.6 [M+HJ*, 



15 











MS 


24. 


II 


|{ 




Mtt* y6\i 


25. 


H 


K 


|{ 





Pivparation of 2•I5-(4-Mcthyl-pipe^dzin-l•yl)•pyri• 
din*3-yI)-acetamidc 



By fullowiiig the procedure of I'xample 1 « hut using the 
appropriate starting materials, the compounds of formula D 
wherein is as indicated in Table 5 below, may be obtained. 

TABLb 5 




1 5-(4-Mclhyl-pipera/in-l-yl)-pyridin-3-yll-acetic acid 
20 (1.57 g. 5.78 mmol) and corbonyl diimidazole (1.03 6.36 
mmol) arc dissolved under an atmosphere of aigon in DMF 
(16 ml). ARer stirring at RT for 1 h. aqueous NH^OH (25%, 
1 6 ml) is added, and stirring at R T is continued for 1 5 minutes. 
TLC imulysis indicated complete consumption of starting 
25 material, llic aqueous layer is saturated with NaCI and 
extracted repeatedly with CHjCl,. Hic ofsanic layers are 
dried over NajSO^ and concentrated. Puriltcatlon by FCC 
(CHiCljiMeOH 95:5 to 90:10 to 80:20 to 70:30 to 50:50 to 
25:75 U> 0:100) yields the title compound. Ml NMR (d«- 
M» DMSO 400 MH/): 6 2.76 (s. ,31 1). 3. 1 2-3.42 (m. 8H), 3.34 (s. 
2H). 6.K6-6.96 (br s. IH). 7.26 (s. Mil 7.93 (s, HI). 8.21 (s. 
IH). liS*-MS: 235.4 (M+HI*. 



35 



Prepaialionof (5-(4-Mclhyl-pipcra7.in-J-yl)-pyridm- 

3-yl]-aceiic acid 



26. 
27. 









MS 


Cll> 


Mn'42S 


H 


MH*414 



HX.'\Ml>Li:28 

3-(7-Methyl- 1 1 l-indol'3-yl )«4-f5-(4-mcthyl-piper- 
a/Jn- 1 -y l)*pyridin-3-y I I-pyrroie-2,5-dione 



1 5-(4 -Melhyl-pipenizin- 1 -y l)-pyridin-3-y l)-ncetic acid 
ten -butyl ester ( 1 .68 g» 5.77 mmol) is dissolved in 4 M HCI in 
dioxane (28 ml). Aller I h at 60* C, TLC analysis indicated 

40 complete consumption of starting material. 'Hie reaction mix- 
ture is ciH)led to RT ami diluted with Ht^O. llie precipitate is 
filtered and washed with Bt^O to yield the title compotutd, 
which is used iii the next inaction without further puriil^tion. 
•n NMR (d^y-DMSO 400 MH/): d 2,79 (s, 3H). 3.05-4.IO(br 

45 nu 8H). 3.81 (s. 2H). 8.04 (s. 1 Hi 8.22 (s. 1 H). 8.45 (s, IH). 
ES*-MS: 236,4 (M+H]*. 

I'reparaiion of 2-(5-(4-Mcthyl-pipctazin- 1 -yD-pyri- 
din-3-yI]-acctamidcl5-(4-Mcthy Upiperazin- 1 -yl)- 
pyridin-3-yn-acetic acid tert-butyl ester 



V 



50 




2*[ 5<4-Methyl-pipenizin-l -yl )-pyridin-3-yl |-acetamide 
(150mg. 0.64 mmol) and (7-meihyl-l H-indol-3-y l)-oxo-ace- 



Potassium phosplisttc (4.08 g, 19.21 mmol) is dried under 
high vacuum at 100* C. for 90 minutes. After cooling to RT 
and venting with argon, Pd2(dba)3 (70 mg, 0.077 nmiol). 

55 dicycU>hcxyl-(2',4*,6'-triisopropyl-biphenyl-2-yI)-phos- 
plianc (183 mg, 0.38 nunol), a degassed mixture of toluene/ 
tert-bulanol (9:1« 20 ml) and N-methyl pipeni/ine (1.15 g, 
1 1 .53 mmol) are added. Tlte n^^action mixtum is immersed in 
a pre-heated oil bath ( 1 00* C.) After 2 h at 1 00* C, additional 

«fj Pd2(dba)3 (70 mg, 0,077 mmol) and dicyc!ohcxyl-(2*.4\6'. 
triisopr\>pyl-biphenyl-2-yl)-phosphane (183 mg. 0.38 mmol) 
are added, .\tter an additional 2 h at 100^ C, TLC analysis 
indicated complete com'ersion ofsiarting maierial. 'fhe reac- 
Uon mixture is G(H>led to RT, diluted with water and extracted 

65 with ClIjClj. 'Hie ci>mbined organic layers are dried over 
NajS04 and concenliated. Purification by TCC (CH^CI,: 
MeOH 95:5 to 92:8 to 88:12 to 80:20) yields the title com- 



* 



% 
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Prquimiion of 2-l5-(4-Mcih>i-pipcrazin-l-yl)*2* 
nitro-py r idin-3-yI l-acctamidc 

A solution of (5-(4-Mclhyl-pipcra/4n-l-yl)-2-nimvpyri- 
du1'3•yll-ac«1tc acid methyl ester (222 mg, 0.7S mmol) in 
33% aq. NIUOH (100 ml.) is stirred for 16 h at SO' C. in a 
s«2aled autoclave. TLCanulystis indicated complete consump* 
tion of stiuiiiig material. 'llic solvent is cvnpi>ratod at induced 
phanyiWhe«yl-^yJHimethyl-umlne(M^ mg- 2.13mmol) lo pressure Uiaflbid the Utle compound as a yellow solid in a 3:2 
are added at RT under an atmosphere of ai^m to a solution of mixture with the corresponding carfaoxy lie acid. * H NMR 
lithium hexantethyl disilazidc in toluene (prepared by addi- (d«-DMSO 400 MHz): 6 2.1R (s, 311), 2.36-2.44 (nu 411). 
tion of n-BuLi (1.6 M in hcxanc. 24.3 ml, 38.85 mmol) to 3.36-3.44 (nu 4H), 3.77 (s. 2H), 6,92 (bs, IH), 7.34 (d. J 2 
hcxamcthyl disihiwinc (6.27 g, 38.85 mmol) in toluene (100 iH).7.44(bs, IH). 8.07(dJ-2Hz, 1 II). ES*-MS: 280.4 

ml) at -78' C). 'fhc mixture is stirred ai RT for 10 minutes. i4 ij^^f^.* 
then it is cooled to- 10^ C. Acetic acid tcn-buiylcsier (4.1 2 g, ' ' ' 



pound. *H NMR (aX'K, 400 MI !/): A 1 .57 (s, 91 1). 2.4H (s. 
311). 2.68-2.72 (m, 411), 3.35-3.40 (m, 411). 3.60 (s, 211), 
7.24-7.27 (m, I H), 8.10 (br s. 1 1 1), 8.32-8.33 (m, 1 11). ES*- 
MS: 292.4 [M+lir 

Preparation of (5-Chlon)*pyridin-3-yl)-acettc acid 
lert-butyl ester 

Pd2(dba),(928mg, 1.01 imnoi)aad(2'-dicyclohcxylphos- 



35.48 mmol) is added during 10 minutes. TIVis mixture is 
canulated into a cold (-10** C.) .solution of 1.3-dichloRipyri- 
dine (5.00 g, 33.79 nunol) in toluene (40 ml). Ilic mixture is 
warmed to R'i and stirred for 2 h. TLC' analysis indicated 2o 
substantial conversion of starling material. Water was added, 
the resuhing slurr>' is filtered, and the tilimle is extntctcd with 
KtOAc. The combined organic layers are dried over NujSO^ 
and concentnitcd. PuriHcation by FCC (hex4mc/lUO.\c 100:0 
1092:8 to85:15)yieldsthctiilecompound. 'llNMR(CDClv 2$ 
400 MHz): 6 1.39 (s, 9H). 3.47 (s, 2U), 7.58-7.60 (m. III). 
8.31 (s, I H). 8.41 -8.42 (m. 111) RS*-MS: 228.3 IM+lll*. 



Preparation of (5-(4-Meihyl-piperazin-l -yl)-2-nltro- 
pyridin-3-yl|-acelic acid methyl ester 



RXAMPI.E29 

3-(7-Methyl- 1 1 l-indol-3-y I )-4-( 2-mciliyl-5-(4.me- 
thyl-pipcrazin- 1 -y l)-pyridin-3-yl |-pym>le-2,5-dionc 




A mixture of (5*Bronio-2-nitro-pyridin-3-yl)-acciic acid 
methyl ester (472 mg, 1.72 mmol) and N-mcthylpiperazine 
(344 mg. 3.44 mmol) is heated for 18 h under an argon 
atmosphere, f I .C analysis indicated complete consumption 
of starting material. The reaction mixture is cooled to RT, 
diluted with water and adjusted to pi 1 8-9 with a saturated aq. 
Nal ICOji solution. The aqueous phase is extr^icted tlmx* limes 
with methylene chloride and the combined organic layers are 
Ml wiished with brine, dried over Ua2^** "^^^ concenualed at 
reduced pressure. Tlie crude product Is purified by FCC (me- 
thylene chloridc/MeOll 95:5 lo 90:10) lo aflbrd the title 
compound as a yellow solid. '11 NMR (d«-DMSO 400 Ml Iz): 
6 2.01 (s. 31 1), 2.22-2.26 (m, 4H), 3.24-3.28 (m, 41 1), 3.40 (s, 
311), .3.81 (s, 211), 7.26 (dJ-2 H/» 111), 7.97 (d. J=2 Ha III). 
1{S*-MS: 295,3 (M+Hr. 



55 



4(» 



Preparation of (5-Bromo-2-nitro-pyridin-3-yl )-ocetic 

acid methyl ester 



45 



To a solution of 2-(5-(4-Mclhyl-pipcnizin-l-yl)-2-nitn>- 
pyridin-3-yll*acetamide (96 mg, 0,34 mmol) and (7-Mclhyl- 
in-indol-3-yl)-oxo-acctic acid mciliyl ester (127 mg, 0.58 
mmol) in dry THl- (8.0 ml.) is added iit (T C. under an 
atmosphere of argon, a solution of 1 .0 M KOiHu in THl- ( 1.7 
ml, 1.7 nmiol). After stirring for 2 h at 0** TLC analysis 
indicated complete consumption of the starling maierials. 
The reaction mixture is diluted with EiOAc and washed with 
brine. The aqueous pha<e is extracted with PlOAc and the 
combined organic layers are washed with brine, dried over 
NajSO^. and concentrated at reduced pressure, lite residue is 
purified by VCC (EiOAc/AcOl l/HjO 6: 1 : 1 ) to aflbid the title 
compound as an orange pou'der. *H NMR (d«-DMSO 400 
MHz): ft 2.05 (s. 3H). 2.04-2. 1 1 (m. 4H). 2.46 (s. 3H). 3.06. 
3.14 (m. 411). 6.35 (d. J=8.1 llz. 111), 6.65 (dd. J -8.1, 7.2 II/. 
IIIX 6.84 (d. J 7.2 Uz. Ill), 6.87 (d, J-2.0 112.111), 7.95 (s. 
mi 8.16 (d, J-2.0 Hz. IH). liS*-MS: 447 IM+Hf. 



To a suspension or5-Hn>mo-2-niuo-pyridinc (2.33 g. U .5 
mmol) and trimeihylsikmyl-acetic acid methyl ester (1.8 g, 
1 2.0 nunol) in THF ( 1 2 ml ,) is added at -78« C. a solution of 
dried THAI- (3.0 g. 11 .5 mmol), obtained by drying mAFx3 
HjO (7 .5 g) for 1 8 h at 70** C. under high vacuum, in a mixture 
ofacetonilrile (6 mL) .ind Tl II ' (6 ml.). The resulting deep red 
solution is stirred for I h at -40* C. TLC analysis indicated 
Ml complete consumption of starling material. Ilie reliction mix- 
lure is cooled lo -78" C. and DIX? (2.6 g. 11.5 mmol) is 
carefully added. Tlie black soluUon is slowly wanned to RT. 
Since TLC analysis indicated tliat no funhcr changes 
occuired, the reaction mixture is partitioned between titOAc 
and a satuniled aq. NH/I solution. The layers are separated 
and Ihe organic layer is washed with a saturated aqueous 
NH4CI solution brine, dried over Na2S04 and concentrated 
at reduced pressure. 'Ihc crude product is purified by PCC 
(c>'cIohcxane/HtOAc 9: 1 to 8: 1 ) to niford Ihc title compound 
as yellow needles. *ll NMR ((TX I3, 400 MHz): 6 3.94 (s. 
Ml). 4.17 (s. 2H), 8,20 (s, IH), 8.78 (s, 111). 

Ry tbi lowing the pmccdures of Hxamples 28 and 29. but 
using tlvc appropriate starting materials, lite compounds of 
formula K wherein R„. R<,, and R3 are as indicated in Table 6 
below, may be obtained. 



55 
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TABLE 6 
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K 




MS 


30 


H 




H 


MH* 402 


31 


H 


H 


H 


Mir 


32 




K 


CH, 


MH* 470 


33 


CF, 


H 


H 


Mir 456 


34 


CF» 


CHj 


H 


Mil* 470 


35 


H 


H 


CH, 


Mir 402 


36 


NO, 


II 


II 


NUr 453 


37 


a 


H 


CHj 


Mir 437 



KXAMPUnS 

H7-MclhyH!MiidoJ-3-yl)-4-(2-(4-mctliyl-plper- 
azin-l -y])-pyridiu-4-yl |*pym)]C'2,S-dii)nc 




3 .39 (d J- 1 2 M A 21 1), 4 . 1 4 (d J- 1 3 lU 2n ), 6.24 (d, J-9 n A 
1 1 1), 6.7 1 (d, J=6 Hz. 1 11), 8,03 (d. J 3 Hz, 1 H). 8.10 (d» J 6 
Hz, III), 9.71 (s^bfxiad, !H), n.l9(s. IH). 12.09 (dJ-3 Hz, 
my nS--MS: 402.5 IM+HPi HiT-MS: 400.3 (M-Hp. 

5 

l»ivparatioiior2.12-(4-Mcihyl-plpcraziii-l-yl)-pyri- 
din-4-yl )-8ceuimide 

(2-{4»MctlvI-pipcrazin'l-yl)-pyri<Un-4-yl)^acciic acid 
1(1 lert-bulyl ester (95 mg. 0^ mmol) is dissolved in a mixture 
on FA and CH2CI2 (5 ml/5 ml) and stirred at RT. Aflcr 1 h at 
RT» TLC analysis indicatixl complete conversion of starting 
matcntil. The solvcni is removed by rotary evaporation, and 
rcplaced by dry DMI ' ( 1 ,5 ml ). Under an atmosphere of aigon. 
15 carbonyl diimidazole (58 mg, 0.36 mmol) is added. Aller 20 
minutes ni RT, I LC analysis indicated complete conversion 
of the carboxylic acid. An aqueous solution of ammonia 
(25%, 6 ml) is added at RT. After 1 5 minules at Rf, solvents 
an; removed under higli vacuum. 11te residue is dissolved in 
20 CIljCl^/MeOH (9: 1 ) and purilied by FCC (CHjCVMeOH, 
slow gradient frxim 95:5 to 40: 60) to yield the title compound. 
'H NMR (d^-McOD, 400 MHz): 6 2.35 (s, 3H), 2.56 (m, 4H ). 
3.46 (s, 2H), 3.54 (m. 4H), 6.66 (d. J-6 Hz. 1 HX 6.78 (s, 1 H), 
8,02 (d, J-6 H/. IH). I-S*-MS: l'i5,3 (M+HI*. 



25 



I*rcpaniiion of |2>(4>Mctliyl-piperazin-l *yl)*pyridin- 
4-yll>acetic acid ten-butyl ester 



A mixture of --(2-(4-Methyl-piperazin-l-yl)-pyridin-4- 
y]]>aceiamtdc (34 mg. 0.15 nunol) and (7HnetliyMH-indol- 
S-yO-oxo-acelic acid methyl ester (47 mg, 0.22 mmol) is 
azcotropically dried by dissolving in dry THF (3 ml) and 
evaporation. Under an atmosphere of argon, the mixture is 
dissolved in dry THF ( 1 ml), and a solution of 1 .0 M KOlRu 
in THF (0,44 ml, 0.44 mmol) is added drtipwisc at RT. After 
5 minules at RT.TI.C analysis indicated complete conveniion 
of starting materials, 'Hie reaction mixture is diluted with 
BlOAc and poured into a saturated aqueous Nl I4CI solution. 
The organic byer is separated, washed witli brine, dried over 
Na,S04, and the organic layer is evaporated. The le^dne is 
purified by FCC (CI I^Cls/MeO! 1 95:5 to 90: 1 0 lo 85: 15) and 
by preparative HPLC (HjQ/MeCNni-A 95:5:0.1) lo afford 
the title compound as a lud TFA salt. 41 NMR (d«*DMSO, 
400 MHz): 6 2.48 (s. 3H). 2.78 (s. 3H). 2.78-3.02 (m. 4H), 



PoUissium phosphate (2.65 g, 1 2.47 mmol) is dried at 1 20** 

10 C. under high vacuum for 45 minutes. After cooling to RT and 
venting with dry argon, palladium dibcnzy lideneacctone (Fd^ 
(dba)v 25 mg* 0.03 mmol) and di-tert-butylphosphino pen- 
taphenyl ferrocene (39 mg, 0.06 mmol) are added. (2-Chloro- 
pyridin*4*yl)-aceiic acid leri^butyl ester (631 mg. 2.77 

35 mmol), dissolved in 1 .2-dimellu>xycthane (14 ml, dried by 
passing through a column of basic aluminum oxide), and 
1 -methyl piperazine (830 mg. 8.31 mmol) are added. Xhc 
reaction mixture is wormed lo 40" C. for 1 h. Additional 
Pd2(dba)^ (25 mg. 0.03 mmol) and phosphine ligand(39 mg, 

4(> 0.06 mmol) is added, and stirring is continued at 60" C. for 2 
h. Additional Pd2(dba)^ (25 mg. 0.03 mmol) and phosplunc 
ligand (39 mg, 0.06 mmol) is added, and stirring is continued 
at 90*" C. for 18 h and at RT for 72 h. TLC and MS analysis 
indicated the presence of desired prxxluct. The rvacttnn mix* 

45 lure is diluted with IttOAc and poumd into a saturated solu- 
tion of NaCI in waier. The organic layer is separated, dried 
over Nn2S04, and ihe solvent is evaporated. Purification of 
llie residue by 1*CC" (hexane/ItlOAc. gradient from 95:5 to 
90:10) affords llie litlc compound. 'H NMR (CDCIj,. 400 

50 MHz):6 1.44 (S.9H), 2.34 (s,3H), 2.52 (m.4H). 3.42 (S.2H), 
3.55 (m, 4H), 6.55 (d. J-4 Hz. 1 1 1). 6.56 (s. IH), 8. 1 1 (d. J-4 
Hz, IH). I-S*-MS: 292.4 [M+lir. 



55 



Picparation of (2-Chloro»pyridin-4-yl)-acelic acid 

iert-but\'l ester 



6i) 



Hexamethyl disila/^me (5.45 g. 33.8 mmol) is dissolved in 
dry toluene (80 ml) under an ulmosplteiv of argon, .\fter 
thomu^ly purging the solvent with aigon. ihe solution is 
cooled 10 -78'' C, and n>BuLt (21.1 ml of a 1 .6 M solution in 
hexunes, 33.8 mmol) is added, llie mixture is stirred for 15 
minutes at -78*^ (*. and for 15 minutes at Rl*. whereupon a 
clear solmion is obtained. I'ialladium dibenzylidcneacetone 
(Pd3(dba)3. 743 mg. 0.81 mmol) and (2'-dicyctohexylpht)s- 
65 phanyl-biphenyl-2-yl )-dimethyl-amine (670 mg, 1.70 mmol) 
aic added. Tlie mixture is stirred for 10 minutes at RT. then it 
is cooled to -10** C. Acetic acid tert-butyl ester (3.61 g, 3 1 .08 
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mrnol) is sbwly Med neat. A Her 10 minutes at -10*' C.. 
2.4-dichloropyridine (4.00 g, 27.03 mrnol) is added in one 
portion, llw reaction mixture is allowed lo wanii to K T. After 
I h, TI.C analysis indicated a^mplele consumption ofstarling 
materials. The reaction mixture is diluted with HtOAc and 5 
poured into a saturated aqueous NII4CI solution. Theofuaiuc 
layer is separated, washed with brine, dried over Na JSO4, and 
the solvent is evaporated. The resudue is purified by FCC 
(hcxaocs/EtOAc, gradient from 97:3 to 90:10) to alTord the 
tillecompound. 'H NMR (CIX:i„ 400 MH/): 6 1 .44 (s, 9H), lu 
3.51 (s. 2H}, 7.15 (dd, J-1 H/, 4 Hz, IH). 7.27 (d, J=l Hz, 
IH), 8.32 (d. J-4 Hz). ES*-MS: 228.2, 230.1 (CI) [M+UP 



liXAMPLU 39 

3-(7-Methyl-lH-indol-3-yl)-4-l5-methyl-2-(4.me- 
lhyt-pipeni»n- 1 -yl)-pyridin-4-ylI-pyrR>le-2,5-dioBe 



15 



added. .Xfler 30 minutes at K I , I IX' analysis indicated com- 
plete conversion of the carboxylic acid, .\n aqueous solution 
of ammonia (25%, 1 6 ml) is added at RT AUcr 15 minutes at 
RT, solvents iue removed under higl» vacuum. ITic residue is 
dissolved in ClIjCIVMeOll (9:1) and purified by ICC 
(CHaClj/MeOU, slow gradient from 95:5 to 40:60) to yield 
the title comptiund. 'H NMR (d^^-DMSO, 400 MHz): ft 2.07 
(s, 3H), 2.3K (s, 3H), 2.64 (s, broad. 411), 3.34 (s, 21 1), 3.46 (s, 
broad. 411), 6.72 (s, I H). 6.95 (s, broad. III), 7.44 (s, broad. 
IH). 7.87 (s, IH). ES*-MS: 249,3 (M-i-Hr. ES'-MS: 247.3 
(M-Hp. 

Prcpturation of [5-Mcthyl-2-(4-meihyl-piperazin-l - 
yl)-pyndin«4-yl1 -acetic acid teit-butyl ester 




\ 



Amixtuieof2-[5-mcthyl-2-(4-metliyl-piperaziii-l-yl)-py- 
ridin-4*yll-acciamidc(30 mg, 0. 1 2 mrnol) and (7-mcthyl-l 1 1- 
indol-3-yl)-oxo-acetic acid methyl ester (39 mg. 0. 18 imuol) 
is azcinropically dried by dissi>Iving in dry THF (3 ml) and 
evaporation. Under an atmosphere of argon, the mixture is 
dissolved in dry H IF (1 ml), and 0 solution ofl .0 M KOtHu 
in n IF (0.36 ml. 0.36 mrnol) is added dmpwise at RT After 
to miniilcs at KT. TI.C analysis indicated complete conver- 
sion of starting materials. 'Hie reaction mixtwe is diluted with 
EtOAc and pouivd into a saturated aqueous Nl I4CI solution, 
'f he ofganic layer is separated, washed with brine, dried over 
Na2S04, and the organic layer is evaporated. Ilic residue is 
purified by preparative I U'LC (! UO/MeCN/Tl A 95:5:0. 1 ) to 
afford the title compound as a red I'YW salt. 'H NMK (d«* 
DMSO, 400 MHz): 6 1.79 (s. 3H), 2.44 (s. 311), 2.79 (d, J -3 
Hz, 3H), 2.75-3.07 (m, 211), 3.44 (s, bmad. 2H), 4.25 (s. 
bioad, 2n). 6.30 (d, J-8 Hz, 1 1 1 ). 6.64 (dd. J-8 1 1/, R I Iz. 1 1 1 ), 
6.86 (s, 1 H). 6.88 (d, J=8 Hz, I I I). 8.00 (d, J -2 Hz. 1 H). 8.04 
(s. IH). 9.70(s, broad. IH), 11.16(s, HI). 12.04 (d, J-2Hz. 
HI). '*F NMR (d^.DMSO, 400 MHz): 6 -74.542. RS*-MS: 
416.4 [M+Hr, HS--MS: 414.4 (M-HJ". 

Preparation of 2-(5-methyl-2-(4-melhyl-piperazin- 1 • 
yl )-pyridin-4 -y 1 1 -acetamide 

[5-Mctliyl-2-(4-methyl-piperdzin- 1 -yl )-pyridin-4-yl|-ace- 
tic acid tcri-buiyl ester (320 mg, 1 .05 mrnol) is dissolved in a 
mixtuie of 1 1-A and CH^Clj (10 ml/ JO ml) and stirred at RT. 
After 1 h at RT. TI.C analysis indicated complete conversion 
of starting material. The solvent is removed by rotary evapo- 
ration, and replaced by dry DMF (1.5 ml). Under an atmo- 
sphere of argon, carbonyl diimidazole(l K7 mg, t .16 nunol) is 



Sodium ten-butoxide (227 mg. 2.37 mrnol) is dried under 
high vacuum at approxinwicly 80* C. After purging wiili 
20 argon and cooling to RT, palludiiun acetate (39 mg» 0,17 
nunol), rac-2.2*-bis-diplicnylphosphanyl-| 1 , Fjbinaphtbale- 
nyl (rac-BlN.\P. 54 mg. 0.09 mrnol) and (2-chlon)-5-mcthyl- 
pyridin-4-yl)-acctic acid lert-butyl ester (520mg, 2. 1 5 mrnol) 
are added. 'ITie mixture is dissolved in diox;me (7 ml, 
^ * degassed with tluw freeze-ilww cycles under H V/argon), and 
l-meihyl-piperazine (237 mg. 2.37 mrnol) is added. 'Hie 
round bottom Hask containing the reaction mixture is 
inuuersed into a prc-heated oil badi Cf~85** C). After 30 
minutes, 1 LC analysis indicated almost complete conversion 
of starting materials. The reaction mixture is diluted with 
EtOAc and poured into a saturated aqueous NH4CI st>lution. 
'Hie organic layer is separated, w^ashcd wiUi brine, dried over 
Na-^SO^, and the solvent is evaporated, nie residue is purified 
" by FCC (CHnCK/MeOH, slow gradient from 98:2 to 90:10) 
to afford the fitlc'compound. ' H NMR (CDCI^. 400 MHz): 6 
1 .43 (s. 91 0, 2.14 (s. 3H). 2.34 (s. 31 1), 2.51 (m, 411). 3.44 (s. 
21 1), 3.49 (m, 41 1). 6.5 1 (s, H I). 7.96 (s. J 1 1). ES*-MS: 306.4 
jM+HI*. 



4(1 



Preparation of 
(2-chlorD-5-melhyl-pyridin-4-yl)-aceiicacid 
tert-butyl ester 



45 



I lexamethyl dlsilazuiu* (1 .33 g. 8.23 mmol) is dissolved in 
dry utiuene (15 ml) under an atmosphere of argon. After 
thomughly purging the solvent with argon, the solution is 
cooled lo -78* C« and n-HuLi (5. 1 ml of a 1 .6 M solution in 

^ hexanes. 8.23 mmol) is added. The mixture is stirred for 15 
minutes at -78" C. and for 1 5 mimites at rt, whereupon a clear 
solution is obtained. IHillndium dibenzylidencacetone (Pdj 
(dba),, 151 mg,O.I6mmol)and(2'-dicyc^ohcxylphosplu^lyl• 
biphcny^2-yl)-d^medly^nmine (136 mg. 0.35 nunol) are 

" added. The mixture is stirred for 10 minutes at RT, then it is 
cooled to -10** C. .\ceiic acid tert-butyl ester (924 mg, 7.96 
nuiu)l) is slowly added heat. After 10 minutes at -10** C, 
2.4-aichloixv5'methyl-pyridine (889 mg, 5.49 mmol) is 
added in one portion. The reaction mixture is allowed to wann 
to RT. .^fter I h, TI.C analysis indicated complete consump- 
tion of starting materials. *I"he reaction mixture is diluted with 
EtOAc and poured into a saturated aqueous NH4CI solution. 
'Hie organic layer is separated, washed widi brine, dried over 

45 Na>SO^. and die solvent h evaporated. Hie residue is purified 
by FCC (hexancs/UlOAc. gradient from 100:0 10 90:10) to 
alVord the title compoiuul. 'H NMR (CtXTl^, 400 MHz): d 
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1.45 (s, 9H). 2.26 (s, 3H), 3.52 (s, 211). 7.1 H (s. III), 8.18 ($. 
III). ES*-MS; 242.2, 244.2 (CI) [M+IIl*. 

PivpaniiUin of 2,4-<lichlnm-5-methyl-pyridine 

2,4-Dichlom-5-chlororaeihyl-pyridine (1.43 g, 7.28 
nuiiol) is dissolved in eduinol (14 ml). AHer iiddition oriri- 
clhyl amine (7.37 mg, 7.2R mmol), Raney nickel (143 mg) is 
added. The rcaciion vessel is connected to a balloon tilled 
with 112, After 3 hours of very vigorous magnetically stirring 
at RT. NMR sinalysis of a reaction aliquot indicated complete 
conversion of the starting material llie icaciion mixture is 
diluted with BtOAc and pouivd into water. 

The aqueous layer is extracted three times with BtOAc. The 
comhijied oi^anic layen are dried over Na2H04. Careful 
removal of the solvimt yields the title compound of adequate 
purity for further use. ' H NMR (C(Xn3. 400 Ml Iz): 6 2.33 (s, 
3ll).7.35<s, IH),8.23(s. ni).IiS*-MS: 160. 162. 164(2C1) 
(M+Hi*. 

Preparation of 2.4-Dichloro-5-chloromethyl -pyridine 

(4.6-Dichkm>-pyridin-3-yl)-methanol (2.21 g, 12.41 
mmol) is cooled under an amiosphcrc of argon lo 0"* C. 
Thionyl chloride (8 ml) is ciu-efully added. After 5 minutes at 
O' C, the solution is heated to reflux. After 1 0 minutes. I LC 
analysis indicated complete amvervion of the starting m;ite- 
rial. After cooling to RT, excess thionyl chloride is removed 
via a membmne pump. The remaining oil is dissolved in 
BlOAc. The solution is poured into a concentrated aqueous 
solution of Nal ICO,. The organic layer is separated and 
washed twice with a concentrated aqueous solution of NaCl. 
Afler drying over NajSO^. the organic solvent is removed to 
afford the title compoimd of adequate purity for immediate 
further use, » 1 1 NMR (CDCl „ 400 MHz): 6 4.65 (s, 2H). 7.42 
(s, 111). 8.44 (s, III) KS*-MS: 195.197. 199(3C1)(M+Ur. 

Preparation of 
2(4,6-f>ichloro<pyridin-3-yl)-methaRol 



III). 4.81 (d. J-6 U/» 211), 7.38 (s. III). 8.47 (s. IH). l-S*- 
MS: 178.1. 180.1, 181.9 (2 CI) (M+Iip. 

By following the procedure of lixample 39, but using the 
appropriate starting materials, the compounds of formula F 
wherein R,.. R^. R^, arc H; and R^ and Rj^ are as indicated in 
Table 7 below, may be obiaiited. 

TABLE 7 



10 



15 



2S 



Ml 



4(1 



50 



4.6-DtclUoro-nicoiinicacid ethyl csier (5.0 g. 22.72 mmol) 
is dissoKed tn dioxane (30 ml). A solution of lithium hydrox* 
ide (599 mg, 24.99 mmol) in water (20 ml) is added, and the 
mixture is stirred at RT. Afler 30 minutes, TLC analysis 45 
indicated complete conversion of the starling material. The 
solvents arc removed, and the residual lithium sah of 4,6* 
dichktro-nicoiinic acid, alWr tlioiough drying under high 
vacuum, is used directly in the next step. 'H NMR (d<v- 
DMSO. 400 MHz): 6 7.54 (s. III). 8.34 (s. 111). HS'-MS: 
190.1, 192.1, 194.1 (2C1)|M-I1I-. 

The lithium sah of 4,6-dichloni-nicotinic acid (4.5 g, 22 .72 
iiunol) is suspended in tliionyl cliloride (28 ml) under an 
ahnosphcre of argon. After homogenizing the mixture in an 
ultrasonic bath, the reaction mixture is heated to reflux for 2.5 
h, after wliichTLC analysis indicated complete consumption 
of the starling material. Tlie solution is cooled to RT, and 
excess thionyl chloride is removed with a memhrane pump. 
The solid residue is cooled to 0" C. and a solution of sodium 
boiohydride (3.10 g. 81.85 nmiol) in water (35 ml) is ver>' «o 
carefully added, .\fter 1 h at RT, TIX' analysis indicated 
complete conversion. 'Mac reaction mixture is diluted with 
HtO.Ac, and the aqueous layer is saturated with NaCI. 'lite 
orgaiuc layer scpavuted, wushed with brine, dried over 
Na2S04 and the solvent is removed. Purification by FCC* 65 
(hcxancs:HiOAc, gradieni from 9:1 to 7:3) aft'ords the title 
compound. 'H NMR (CIKn.v 400 MHz): ft 2 00 (t, J-6 1 1/, 



55 




MS 



40 



II 



II 



Mir4u: 



KXAMPLE4I 

3-(7-Melhyl- 1 H'indol-3-yl )-4.(2-(4Hnelhyl-piper- 
azin* 1 -y l)-5>niiiu>pyridin-4-yl]-pym>le-2 J-dione 



0»N 




Amixtureor2-[2-(4-Melhyl-pipenizin-l-yl)-5-nitro-pyri- 
din-4-ylI-«cetamide (50 mg, 0.18 mmol) and (7-metliyl-lH- 
indol-3-yl)-oxo«acctic acid methyl ester (60 mg, 0.27 mmol) 
is a«.xitnipicidly dried by dissolving in dry THF (10 ml) and 
evaporation. Under an atmosphere of argon, the mixlure is 
dissolved in dry THF (3 ml), and a sohnion of 1 .0 M KOtBu 
in THF (0.54 ml, 0.54 mmol) is added dropwise at RT. After 
10 minutes at RT, TW analysis indicated comptele conver- 
sion of starting materials. The reaction mixture is diluted with 
EtOAc and pouted into a saturated aqueous Nt^Cl solution, 
lite organic layer is sepitratcd. washcxi with brine, dried over 
Na2S04, and the organic layer is evaporated. The residue is 
puriftcd by preparative HPLC (HjO/MeCWITA 95:5:0.1 ) to 
ufUvd the title compound as a red TFA salt. 'H NMR (d«^- 
OMSO. 400 Ml Iz): ^ 2.48 (s. 311). 2.70 (s, 3H). 3.00.3.22 (s. 
bread. Ill), 4.05-4.43 (s, broad. 411). 6.44 (d. J^8 llz. Ill), 
6.64 (s, IH), 6.76 (dd, J 8 Hz. 8 Hz, IH), 6.92 (d, J 8 Hz, 
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IVtrpanilicni or (2-l)romo-5-nilio-pyridm-4-y])-acetic 

acid dhyl ester 



28 



111). 8.05 (d. J-2 1 1/. 1 1 1). 9,07 (s. HI). 9.80 (s, broad, 1 1 1). 
n.30(s. HI), I2.!0{d. J-2n/, IH). '^F NMR (d^ DMSO, 
400 MHz): 6 -73.959. liS*-MS: 447.3 |M+H|\ ES'-MS: 

445.3 IM-Iir. 

5 

Preparation of 242-(4-Mctli>i-pipcfazin-l -yl)-5- 
nitn>-pyridin-4<^y] l-acetainidc 

(2-(4*Mclhyl-pipcrazin-l-yl)'5-niiro-pyridiii-4-yll-acclic 
acid ethyl «ster {2S0 mg, O.K I mmol) is dissolved in methanol u> 
(2.5 ml). An aqueous solution of ammonia (25%, 2.5 ml) is 
added, and the mixture is wanned to 40*^ C. Tor 18 h. li.C 
analysis indicated complete conversion of the starting mate- 
rial. Solvents arc removed, and tlte residue is purified by \'CC 
(CHjClj/McOH, gradient I'lom 97:3 to 90:10) to afford the is 
title compound. 'H NMR (d^-DMSO, 400 MHz): b 2.21 (s, 
311), 2.38 <m. 411), 3.72 (m, 4H), 3.80 (s, 2M), 6.84 (s, IH), 
6.93 (s, bmad, HI). 7,46(s, bniiid, HI). 8.85 (s, IH). liS*- 
MS: 280.3 (M+ll|% IZS'-MS: 278.3 (M-H|-. 

20 

Prepiimtion of 1 2»(4-Melhy l-piperazin- 1 -y I )-5-nitro- 
pyridin-4*yl)-acetic acid ethyl ester 

I\)tiissiuiii phosphate (2.48 g, 1 1 .67 mmol) is dried al 1 20** 
C. under higli vacuum for 45 minutes. After cooling to RT and 35 
venting with dry argon, palladium dibeuzylideucacctonc (Pdj 
(dba).,, 24 ing. b.026 mmol) «md di-tert-butylphosphino pen- 
taphctjyirerrocajc (37 mg, 0.052 mmol) are added. 
(2-Rmmo-5-nitR>-pyridin-4-yl)-acetic acid ediyl ester (750 
mg, 2.59 mmol). dissolved in 1,2-dimethoxycthane (10 ml. 
dried by passing through a columnofbasic aluminium oxide), 
and I -methyl pipcia/inc (780 mg. 7 .78 mmol) are added. 11ie 
reaction mixture is stirred at R f for 10 minutes, after which 
TLC and MS analysis indicated complete conversion of the 
starting material. The reaction mixture is diluted with FlO.Ac 3S 
and poured into a saturated solution of NoCl in water. The 
organic layer is separated, dried over NajSO^. and the solvent 
is cvapoialed. IHirification of the residue by FCC (hcxane/ 
EtOAc, gradient from 95:5 to 90: 10) anTords the title com- 
pound. »H NMR (CnX^I,, 400 MHz): 6 1 .26 (t, J-7 Hz. 3H), 4f» 
2.35 (s, 3H), 2-50 (m. 4li). 3.76 (m,4H), 3.94 (s, 2H). 4. 18 (q, 
J-7 Hz. 211). 6.36 (s. IH). 9.05 (s. IH). HS*-MS: 309.3 
|M4H1*, tS--MS: 307.3 IM-Hp. 



By following the pixKcdurc of Itxumpic 41 . hut using the 
appropriate siaiting materials, ihe compounds of fomnila C 
wherein R^ and Kt, are as indicated in Table 8 below, may be 
obtained. 

TAHLli 8 




MS 



42 



>l 



II 



HXAMPIJ: 43 

3-(5-ChIoro-2-{4-mcthyl-pipcni/in- 1 •yl)'pyridin-4- 
yl]*4-(7-methyl-l I l-indol-.3.yl)-pyfTole-2,5-dionc 



45 



2-Bnimo-5-nitiopyridlnc ( 1 .84 g, 9.06 mmol) and trimeth- 
ylsilonyl-acctic acid ethyl ester (1 .53 g, 9.52 mmol) arc dis- 
solved under an atmosphere of argon in dry THF (10 ml). 50 




A mixture of 2-| 5*Chlori>2-(4-melhyl-piper«/jn- 1 -yl)-py- 




the rcoclion temperature did not rise above -65* C. After 
complete addilion^ the mixture is stirred at -40** C. for 30 



evaporation. Under an aimosphcrc of nrgon» the mixture is 
" dissolved in dry mP (3 ml)» and a solution of 1 .0 M KOtBu 




puriiied by preparative IIPI.C (lljO/McCN/TFA 95:5:0.1 ) to 
aflbrd the title compound as a red TFA salt. 'H NMR (d^* 



organic layer is separated, washed with brine, dried over 
Na^SO^, and the solvent is e\'apomied 'Hie residue is purified 

by FCC (lolucnc/ntOAc 100:0 to 97:3) to aflbrd the title 

compound. MI NMR (CIXV 400 MHz): 6 1.26(1. J-7 H/, 65 DMSO. 400 MHz): ft 2.45 (s, 311), 2.78 (s. 311). 2.82.3.1 3 (m. 
311), 4.01 ($. 21 \h 4. 19 (q. J-7 1 Iz. 211), 7.53 ($, 111). 9.06 (s. 41 1). 4.27 (m. 211). 6.40 (d. J-8 H/. 11 1). 6.70 (dd. J-7 I Iz. 8 
JH)-ES--MS:287.289|M-Hr Hz, lH).6.90(d,J 7 Hz, IH),7.00($. Iia8.03 (d. J-2 Hz, 
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lH),8.26(s, lH).9.74{s.brxwd. III). 11.27 (s, IH)» 12.1 (d. 
J-2 H/. HI). nS*-MS: 436.3 (M+II)\ RS'-MS: 434.3 

IM-irj. 

Preparation of 2-(5-Chloro-2-(4-meihyl-pipcraadn- 1 ♦ 
yl)'pyridi i^4*y I I'ucclaniide 

|5-Chloro-2-(4-nicthy l-pipcraziii- 1 -y l)-pyridm-4-yJJ-acc- 
tic ncid ethyl ester (385 mg, 1 .29 mntol) is disM)Ived under an 
abnosphcrcof argon in dry DMI* (4 nil). Fommmidc (195 nig. 
433 mmol) is added, and ihc mixture is heated to 105** C. At 
(his tcmpcratuic. sodium mcihoxidc (5.4 M in MeOI J, 0.24 
ml. 1.29 uunol) is added dcopwisc. After 20 mimilcs. TLC 
analysis indicated incomplete coitveniton. thus anoiber addi- 
lion of sodium mcthoxide (0.08 ml of a 5.4 M solution in 
MeOH) is done. Alter a further 10 minutes, ihe reaction is 
judged complete according to I'LC. 'lite reaction mixture is 
cooled to RT and diluted with CIliCI, (ISO ml). Water is 
added (3 ml) until a clear solution x& obinined. Sudicicnt 
NsjSO^ is added to absorb the water and the oiganic solvciit 
is evaporated. TIte residue is purifted by FCC (CIljClj/ 
MeOH 95:5 to 80:20) lo alTord the title compound. ' 1 1 NMR 
(CDClj, 400 MHz): 6 2.35 (s. 3H), 2.51 (m. 411). 3.56 (m, 
4H). 3.62 (s, 2H). 5.37 (s, bn>ad. 1 1 1), 5.54 (s. broad HI), 6.64 
(s, IH), 8.15 (s. III). US*-MS: 269.2, 271.1 (CI) tM+HJ^ 
HS--MS: 267.2, 269.3 (CI) (M-HJ-. 

Pivparation or(5-Chlofx>-2-(4.meihyl*pipeiii/in-l- 
yl)-pyridin-4-yl|-acctic acid ethyl ester 



in 
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|5-Amino-2-(4-mclhyl-pipcra/.in* 1 -yl )-pyridin-4-yl]-ace- 
tic acid ethyl ester (680 mg. 2.44 mmol) is dissolved under an 
atmosphere of argon in 18% aqueous hydrochloric acid (12 
ml). AAer cooling the solution to 0° C. a solution of sodium 
nitrite (244 mg, 3.54 mmol) in water (6 mi) is added over 1 5 
minutes, taking care that the internal temperature did not rise 
above 5^ C. Afler 20 minutes ai 0** C. the reaction mixture is 
added to a -10* C. solution of copper(l) chloiidc (freshly 
prepared, 725 mg. 7.33 mmol) in water (1.8 ml). Afler 15 
mimites at -10^ C, TLC analysis indicated complete convcr* 
sion. The reaction mixture is diluted with HlOAc and poured 
in a saturated aqueous NaCI solution, lite oiganic la>'^r is 
separated dried over NajS04, :md concentrated. The residue 
is purified by l-CC (ClUCIs/McOH, gradient fre)m 98:2 to 4, 
90:10) to afford the title compound. Ml NMR (CDCI,. 400 
MHz): 6 1 .27 (t, J 7 Hz. 3H). 2.,34 (s. 3H). 2.50 (m, 4H), 3.52 
(m. 4H). 3.66 (s. 2H). 4.19 (q, J 7 Hz, 2H). 6.59 (s, IH), 8. 1 1 
(s, IH). ES*-MS: 298.2. 300.1 (CI) |M+H1\ ES'-MS: 
296.2, 298.2 (Ci) (M-HJ-. 50 

Preparation of (5-Amino-2»(4-melliyl-piperazin-l - 
yl)-pyridin-4*yl|-acelic acid elhyl ester 

(2-(4-Methyl-piperazin- 1 -yl)-5-niiro-pyridin-4'yl|-aceiic 55 
acid ethyl ester (2.78 g, 9.02 nunol) is dissolved in MeOH (28 
ml). Palladium on ciirbon (10%. 96 mg, 0.90 mmol) is added, 
and the reaction flask is ccmnected 10 a balkxm filled with 
h>xliwgen- After vigorous stirring for 2.5 h, TLC analysts 
indicated complete conversion. Ihc reaction mixture is fiU 
tercd, the oiganic solvent lenKwed. and the residue purified 
by FCC (CHjClj/McOH. gradient from 97:3 to 70:30) to 
yield [5-amino-2-(4-mcihyNpiperazin- 1 •yl)-pyridin'4-yl |- 
aceUc add ethyl ester. M!NMR(Cm,. 400MII/):ji 1.27(t. 
J«7 Hz, 3H).2.35 (s, 311). 2.54 (m, 41 1), 3.40 (m, 41 \\ .3.55 (s. 65 

3.62 (s. broad, 211). 4.16 (q. J 7 II7, 211), 6.50 (s. III). 
7.79 (s. IH). ES*-MS; 279.3 IM+Hf. 
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By following the pnKcdure of Hxample 43, but using the 
appropriate starling materials, the compounds of formula 1 1 
wherein R^ and R^, are as indicated in I'able 9 below, may be 
oblained. 

TABLH 9 

)i 




MS 



44 



11 



H 



Mir 422. 423 



KXAMPLE 45 

3-(7*Methyl« I H*indo1-3-yl)-4-|2-(4-meihyl-piper- 
a/in- 1 •yl)-5-trinuonmielhyl-pyridin-4-yl]-pyfrale-2, 

5-dionc 




A mixtuiv of 2-(2-(4-Methyl-piperazin-l*yl)»5-lrilluo- 
i\)methyl-pyridin-4-yl)-acetamide (80 mg. 0.26 mmol) and 
(7-mcthyl-lll-uidol-3-yl)-oxo*acetic acid methyl ester (86 
mg. 0.40 mmol) is azeoiropically dried by dissolving in diy 
11 1 F ( 1 0 ml ) and evapimition. Under an atmosphere of argon, 
Ihe mixiure is dissolved in dry IHF (3 ml), and a solution of 
1 .0 M KOtBu in n IF ( t .05 ml. 1 .05 mmol) is added dropwise 
at RT, Al\er 45 minutes at RT. TLC analysis indicated com* 
plele conversion of starling materials. Ute reaction mixture is 
diluted with HtCAc and poured inio a saturated aqueous 
Nl I4CI solution, llic organic layer is separated, washed with 
brine, dried o^vr Na2S04. and thcoi]^tc layer is evaporated, 
llie residue is purifted by preparative HPLC (HjO/McCN/ 
11-A 95:5:0.1 ) lo afford the title compound as a red TFA salt. 
M 1 NMR (d«-DMSO. 400 Ml Ix): h 2.44 (s. 31 1). 2.7R (s. 31 1). 
2.74-3.54 (m, bmad, 61 \\ 4.34-4.58 (m, broad. 211). 6.62 (d, 
J-8 llau III). 6.74 (dd. J-7 Hz, 8 H2. IH). 6.90 (d. J 7 Hz, 
1 H), 7.03 (s. I H), 7.96 (d» J 3 Hz. IH). 8.58 (s» I H). 9.84 (8» 
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broad in), 11.27 (s. Ill), 12.01 (d, J-3 11/, HI). '^1- NMR 
(drt-DMSO. 400 Mil/.): 6 -74.00. -57,33. liS*-MS: 470,3 
|M+Iir. 

Pre(Kinilion of 2-|2-(4-M6thyl-pipcm/Jii-l -yO-S- 
irinuoromcthyl-pyri(tin-4-y]]-3cclafnidc 

12'(4-Mcthyl-pipcrazin- 1 «yl)-S^nnuomiiiciliyUpyridin- 
4-yl]-acctic acid tcrt-buiyl ester (475 mg, 1 .32 nunol) is dis- 
Kolved in a mixture oflVA Qitd CHjCl^ (10 ml/10 ml) aiid 
slimed at RT. After 1 .5 h at RT, 11 amilysis indicated com* 
piclu converaion orsluriing maten!il. Hie sotvcm is removed 
by rotaiy evaporation, and replaced by dry OMV (S ml). 
Under an atmosphere of argon, earbiMtyt di imidazole (236 
mg, 1.46 mmol) is added. Alter 3 h al R1. l l C: analysis 
indicated complete conversion of the carboxylic acid. .'\n 
aqueous solution of ;unmonia (25%, 20 ml) is added at RT. 
After 15 minutes at K\\ solvents an* removed under high 
vacmim. The residue is dissolved inCIKCIj/McOIl (9:1 ) and 
purified by FCC (CUjCli/MeOH, slow' gradient from 90:10 
to 40:60) to yield the title compound. M l NMR (d^-DMSO, 
400 MHz): 6 2.69 (s, .^H), 2.93-3.18 (m. bnnid, 4H). 3.54 (s, 
2H). 3.59-3.98 (m. broad, 4H). 6.95 (s. IH). 7.02 (s, broad, 
IH), 7.47 (s, broad, HI). 8.45 (s. 111). I-S^-MS: 303.2 
IM+HJ*. 

Preparation of |2-(4-Mcthyl«pipcman- 1 -yO-S-trif- 
luoron]cihyl*pyridin*4*yl]'acelic acid teri-bulyl ester 

Sodium tert-butoxide ^^54 mg, 3.68 mmol) is dried under 
high vacuum at appn>ximately KO' C. Alter purging with 
aigon and cooling lo RT. palladium acetate (60 mg, 0.27 
mmol)« rac-2,r-bis-diphenylphosphanyl-| 1,1 Jbinaphthale- 
nyl (rac*BINAP, 83 mg, 0.1 3 mmol) and (2-chloro-5-tril1uo. 
romelhyl-pyridin'4-yl)-acetie acid tert-butyl ester (990 mg, 
3.35 mmol) are added. Ilic mixture is dissolved in dioxane 
( 1 1 ml. degassed with three freeze-lhnw cycles under HV/ar- 
gon). and 1 -mcthyl-piperazine (369 mg, 3.6K mmol) is added. 
The round bottom flask cimiaining the reaction mixture is 
immersed into a pre-heated oil bath 01^85" C). .\fter 1 h. 
TI-C analysis indicated almost complete com erslon of starl- 
ing materials. The reuciion mixtun: is Cixtlcd to RT» diluted 
with EtOAc and poured into a saturated aqueous N! I4G solu* 
lion. TIte organic layer is separated, waslied with brine, dried 
over Na'>S04, and the solvent is cvapomlcd. 'l*he residue is 
purified by FCC (CI IjCl^/McOM. slow gradient from 99: 1 lo 
94:6) to aflbrd the title compound. 41 NMR (COCI^, 400 
ME Iz): 6 1 .44 (s. 91 1). 2.34 (s, 3H). 2.50 (m, 41 1). 3.59 (s. 21 1). 
3.66 (m. 411), 6,54 (s. IH). 8.35 (s. 111). IiS*-MS: 360.3 
IM+Hl*. 

Preparation of 
(2-clilon)-5-trit1uorumeihyl-pyridin-4-yl)-aceiicacid 

lert-bu^l ester 

Under an atmosphere of dry argon, a mixmre of palladium 
diben/ylideneacetone (Pd2(dba)3, 22 mg, 0.02 mmol), di- 
lert-butylphosphino pentaphenylfentKene (17 mg. 0,02 
mmol), 2-chloro-4-itKlo-5-trinuor^>mcthyl-pyridine (1.50 g, 
4.88 nmiol) and the Reformatzky reagent prepared from 
brximo-acetic acid tert-butyl ester and activated zinc metal 
(1.40 g, 5.37 mmol) is suspended in dry nitd degassed THF 
(20 ml). The mixture is heated to 60*" C. A Iter 45 minutes and 
after 90 minutes, additional batches of palladium diben- 
3>!ylideneaceionc (IM2(dba)3« 22 mg. 0.02 nunol). di-ten-bu* 
tylphosphino pentaphenylfcrroocne (17 mg, 0.02 nunol), atid 
of the Reformatzky reagent (1.40 g, 5,37 mmol) are added. 



10 



15 



.\ftcr a total of 2.5 h at 60** ('., TLC analysis indicated com- 
plete conversion of starling materials. Upon cooling to RT. the 
reaction mixture is dihited with equal amounts of HlOAc and 
I I3O, iind filtered thnnigli a tight plug of cotton. Tlie organic 
layer is separated, washed with brine twice, dried over 
Na2S04. and the solvent is evaporated. Ilie tesidite is purifted 
by FCC (hexanes/TitOAc, gradicm from 100:0 to 97:3) to 
aflbnl the title compound. NMR (CDCI^ 400 MHz): 6 
1. 44 ($.9(1). 3.7 1 (5.211). 7.39 (s. 111), 8.63 (s. 1H).I2S*-MS: 
294.1,296.2 (Cl)|M+lir. 

Uy following the procedure of Example 45, but using the 
appropriate starting materials, the compoiiitds of foraiula I 
wherein and R^ are as indicated in Table 1 0 below, may be 
obtained. 

TAinJ- 10 



20 




MS 



46 
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«Cll2>2— CN 



55 In accordance with the foregoing the present im'enlion 
further provides: 

1 .1 A PKC inhibitor which possesses selectivity for a and 
ft, imd optionally 0, isofonns of PKC over one or more of the 
other isoforms of PKC. e.g. over one or more of the isofonns 

60 6, € and/or ri, and which possesses selectivity for the PKC 
over one or more proieiit kinases which do not belong to the 
CDK family, e.g. over one or mon^ tyrosine kinases, e.g. over 
one or more of PKA. PKH. Abl, Met. Sro, Ins-R, nt-3, JAK-2, 
KDR and Ret proteins, e.g. over tme or more of Mt-3, JAK-2, 

65 KDR or Ret proteins, in free form or in a phumiaceutically 
acceptable salt fomi. The compound preferably shows a 
selectivity of at leasl 10 foM, more preferably 20 fold, most 
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prvfcrably 100 fold for ci aiid p PKC's over one or moivof the 
oUicr PKC isofonns. The compound preferably shows a 
sclccthdiy of nt least 10 fold, more preferably 20 fold, most 
preferably 100 fold for PKC over ihe other protein kinases. 

1 .2 A PKC inhibitor which possesses selectivity for a and 5 
p, and optionally 0. isofoims of PKC over one or more of the 
other isoforms of PKC. e.g. over one or more of the isofomis 
6, c and/or i)« and for which the ratio of the lC,o ^"alue as 
determined by MLR assay io the )C5o %:aluc as deiemiined by 
[)M assay is higher than 5, 10. 20, 30 or 50, in free form or in 
a pharanaceiitically acceptable salt form. Prefenibly the ratio 
is higher than 20 or 30. Preferably the MI.K and DM assays 
arc done as defmcd heanmtbovc. 

\,% A PKC inhibitor which possesses selectivity for <i. ^ 
and 8 PKC isofomis over one or more of the other PKC 
isoforms. e.g. over one or more of the PKC isofomis 6. € 
and/or t). in free fonn or in a pharmaceulically acceptable salt 
form. The compound may also possess selectivity for PKC* 
over the other protein kinases, e.g. protein kinases which do 
not belong to the CDK family, e.g. over one or more tyn^sine 
kinases. The compound prefenibly shows a select iviiy for tlie 
PKC over the protein kinases which do not belong lo thcCDK 
Ihmily. 

2.1 'llicuscof a PKC inhibitor which is selective for a and 
p. and optionally 0, isofomis of PKC over one or more of the 
other isoforms of PKC, e.g. over one or more of the isoforms 
^, e and/ori], in free form or in a pharmuceutically acceptable 
salt fomu for preventing or treating disorders or diseases 
mediated by Y lymphocytes and/or PKC. or in tlw prevention, 
inhibition or control of acutcorchionic graH rejection or graft 
veisus host disease, in the prevention or tresitment of autoim- 
mune diseases or disorders, inflanunatory diseases, infec- 
tious diseases, canliovascular diseases or cancer. 

2.2 The use of a PKC inhibitor for which tlie ratio of the 
ICjo value as determined by MLR assay to the ICjq value as 
determined by UM ossuy is lugher than 5. 1 0. 20, 30 or 50. e.g. 
higher than 20 or 30, in free fomi or in a ptumnaccuiically 
acceptable salt fom). for preventing or treating disorders or 
diseases medbted by T lymphocytes and^or PKC, or in the 
prevention, inltibition or control of acute or chroiuc graH 
r^ection or grafl vcnsus host disease, in the prevention or 
treatment of autoimmuiK diseases or disorders, intlammaiory 
diseases, infectious diseases, cardiovascular diseases, or can- 
cer 

2.3 The use of a PKC inhibitor which is selective for PKC. 
optionally PKCa and PKCp. over one or more other protein 
kinases, e.g. over one or more other protein kinases which do 
not belong to the CDK-family. e.g. over one or more tyrosine 
kinases, in free fonn or in a pharmaceulically acceptable salt 
fomi. for preventing or treating disorders or diseases medi- 
ated by T lymphocytes and/or PKC, or in the prevention, 
itihibition or control of acute or chronic grail rejection or graft 
versus host disease, in the prevention or treatment of autoim- 
mune diseases or disorders, inflaimtiatoiy diseases, infec- 
tious diseases, cardiovascular diseases, or cancer. 

2.4 The use of a PKC inhibitor as indicated under 1 .1 . 1 .2 
or 1.3 above, e.g. u compound of formula I or lb, or a phar- 
maceuticalty acceptable salt thereof, for preventing or treat- 
ing disorders or diseases mecUatcd by T lymphocytes and/or 
PKC, or in the prevention, inhihition or control of acme or 
chronic grafl iv^ection or graft versus host disease, in the 
pre\'ention or treatment of uutohnmune diseases or disorder, 
intlammatoiy diseases, infectious diseases, cardiovascular 
diseases or cancer. 

2.5 The use of a PKC inhibitor of tlie invention, e.g. as 
indicated under 1.1. 1.2 or 1.3 above, e.g. a compound of 
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formula I or lb. or a pliannaceuiically acceptable sah thereof, 
in the inlubition of graft rejection or graft versus host disease. 

2.6 llie use of a PKC inhibitor of the invention, e.g. as 
indicated under 1.1, 1.2 or 1.3 above, e.g. u compound of 
formula I or lb, or n phamioceuticatly acceptable salt thereof, 
in the prevention or treatment of autoimmune diseases. 

3. 'lite use of a compound of fonnuki I, or a pharmaceuli- 
cally acceptable salt thereof, as a phamiaceutiail. 
4 .1 llic use of a compound of formula 1, or a pharmaceu- 
10 tically acceptable salt thereof, as a selective PKC inhibitor, 
e.g. as a PKC inhibitor as indicated under 1.1, 1.2 or 1.3 
ahi)ve. 

4.2 Tlic use of a compoimd of formula lb or a pliarmaccu- 
tically acceptable salt thereof, as a selective PKC inhibitor as 
15 indicated under 1 .1 , 1 .2 or 1 .3 above. 

5.1 A method for preventing or treating disorders or dis- 
e;ises mediated by T lyniphtK:>'tes and/or PKC. in a subject in 
need of such a treatmeni, which methixl comprises adminis- 
leriiig to said subject an etfcctive amount of a PKC inhibitor 

2ti of ihe invention, e.g a PKC inhibitor which is selective for a 
and p, and optionally 0, isoforms of PKC over one or more of 
Ihe other isofonm of PKC, e.g. over one or more of the 
isoforms A, c and y). or a PKC inhibitor as indicated under 1.1, 
1.2 or 1.3 above, or a compound of formula I or lb, or a 
25 pharmaccutically acceptable salt thereof. 

5.2 A mctliod for preventing or treating aaite or chronic 
transplant rejection, grafl versus host diseose, inllammatoiy 
or autoinununc diseases, cancer, cardiovascular diseases or 
infectious diseases, in a subject in need of such a treatment, 

m which methtxl comprises administering to said subject an 
eflcctive amount of u PKC: inhibitor of Uie invention, e.g. a 
PKC inhibitorwhich is selective foraand p. and optionally 0. 
isofomis of PKC over one of more of the other isofoims of 
PKC, e.g. over one or more of the isoforms ft, € and r\, or a 
.15 PKC inhibitor as indicated under 1.1, 1 .2 or 1 .3 above, or a 
compound of fomuila I or lb, or a phannoccutically accept- 
able sail thereof. 

6. 1 A pharmaceutical aimposition, e.g. tbruse in any of the 
methods as in 4. t and 4.2 above comprising a PKC inhibitor 
411 of the invention, e.g. a PKC inhibitor which is selectix'e for a 
and p. and opiiona lly 0. isolbrms of PKC over one or more of 
the oUicY isoforms of PKC, e.g. over one or more of the 
isofomis 6, € and T|, or a PKC inhibitor as indicated under 1.1, 
1 .2 or 1.3 above, or a compoitnd of formula I or lb, in free 
45 fomi or phormacLnitically acceptable salt form, in association 
with a pharmaccutically acceptablcdiluent orciu-rier therefor. 

6.2 .A PKC inhibitor of the invention, e.g. a PKC inhibitor 
which is selective for the « and p. and optionally 6. isofonns 
of PKC over the other isoforms of PKC. e.g. over one or more 

50 of the isoforms 6. € and ii. or a PKC inliibitor as indicated 
under 1 . 1. 1 .2 or 1 .3 above, or a compound of fomiulu I or lb, 
in free fonn or pluimiaceuticallyacceplitble salt form, for use 
in the preparation of a phamiaceutical composition. 

6.3 A PKC inhibitor i»f the invention, e.g. a PKC inliibitor 
55 which is selective for « and p. and optionally 0. isoforms of 

PKC over one or more of the other isoforms of PKC. e.g. over 
one or more of the ist>fonns 6, € and t], or a PKC inhibitor as 
indicated under I.I. 1.2 or 1.3 above, or a compound of 
fomiula I or Ih, in free form or phanmaceutically acceptable 
6fi salt fomi, for use in the preparation of a pluiimaccutical 
composition for use in any of the methods us in S.I and 5.2 
abiwc, e.g. in ttie inlubition of acute or chronic graft rejection 
or graft versus host disease, or in the prevention or treatment 
of autoimmune disesises or disorders. 
65 t or the use of the compounds of the in>XTilion. e.g. com- 
pounds of foimula I or lb. the required dosage will of course 
vary depending on the mode of administration, the particular 
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condition to be treated and the effect desired. In geneml. 
salislactory results arc indicated lo be obtained systeniically 
at daily dosages of from obo\it 0. 1 to abotil 100 mg/kg body 
weight. An indicated daily dosage in lite larger mammal, e.g. 
humans, is in the range from about O.S mg to about 2000 mg, 
conveniently admintsicied. for example, in divided doses up 
to four limes a day or in retard form. 

Ihs selective I'KC inhibitors of the invention, e.g. com- 
pounds of fbxmula I or lb, may be administered by any con- 
ventional-route, in particular enterally« e.g. orally, e.g. in the 
form of tablets or capsules, or parcntcnilly, e.g. in the form of 
injectable solutions or suspensions, topically, e.g. in the fomi 
of lotions, gels, ointments or crcams, or in a nnsal or a sup* 
pository form. Pharmaceutical compositions comprising a 
selective PKC inhibitors of the invention, e.g. a a)mpoimd of 
formula U in free form or in pharmaceutically acceptable salt 
form in association with at least one phumuiceutical accept- 
able carrier or diluent may be manufaclunxl in conventional 
mamier by mixing with a pliarmaceuticnily acceptable carrier 
or diluent. Unit dosage forms for oral administration contain, 
for example, from about 0.1 mg to about 500 mg of active 
substance. 

Topical administrjiion is e.g. to the skin. A further fomi of 
topical administration is lo the eye. 

llic selective PKC inhibitors of the mveniion. eg. com- 
poundsof fonnula 1 or lb, may be administered in five fomi or 
in phormnceuiicully uccepiuble salt form e.g. as iiidicaled 
above. Such salts may be prepared in conventional maimer 
and exhibit the same order of activity us the free compounds. 

Assays 

The assays used are described herein above. 

TTic ratios of the ICjo value for PKC p to the IC^o value for 
PKCo, of the IC,« value for PKC 6 lo the \Cso vahie for 
PKCa of the ICjo value for PKC ft lo the ICs„ value for 
PKCrx, of the TC,o value for PKC € to tlie ICj^ value for 
PKCo, of the IC50 value for PKC tt 10 the IC,„ value for 
PKCo, of the K%„ value for PKC 0 to the IC,,, value for 
PKCo, of the IC,^, value as determined by ilie Ml J< assay and 
to the IC50 value as determined by the BM assay, obtained for 
some compounds of the invention are indicated in table 1 1 . 

PKCtt. p, \ e. Ti and 0 assays, MLR and DM a.ssays. arc as 
described hereinabove. 
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1411,2 


•>O.K 
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2I.V 
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47 
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Selcctiveinhibitorof the invention, e.g. selective inliibitors 
of the cx, p. and optionally 0. PKC. in particular compounds of 
formula I or lb, may be administered as the sole active ingre- 
dient or together v^ilh other drugs in immunomodulating regi- 
mens or other anti-inflammatory agents e.g. for the treatment 
or prevention of alio* or xenograft acute or chronic rejection 
or inilammatoiy or autoimmune disorders, l-or example, they 
may be used in combination with cyclospi>rincs. or ascomy- 
cines or their immunosuppressive analogs or derivatives, e.g. 
cyclosporin A, ISA Tx247, PK-SOfi. AnT-2Rl , ASM 981 ; an 
mTOR inhibitor, e.g. rapaniycin. 40-O-(2-hydmxyethyl)-Ri- 
pamvcin, CC1779. AUT578. or a rapalog. e.g. AP23573. 
AP2'3464, AP23675, AP23841, IAI-A-y3. biolimus 7 or 



btolimus 9 etc.; cortici>steroids; cyclopliosphamidc; azathio- 
prene; methotrexate; an SIP receptor modulator, e.g. PTY 
720 or an analogue thereof; leflunomide or analogs thereof; 
mi/oribine; mycophenolic ncid or a sail theroof, e.g. sodium 
5 salt;mycophcnolalemofetil; I S-deoxyspcrguatine or analogs 
thereof; immunosuppressive monoclonal antibodies. c.g., 
monoclonal antibodies to leukocyte receptors, e.g.. MHC. 
cm. CD3, CD4. CD 1 la/CDI8, CD7. CD25, CD 27, B7. 
CD40. CD45. CD58, CD 137. ICOS, CD150 (SLAM), 
10 OX40, 4-IBB or their ligands; e,g, CDI54; or other immu- 
nomodulatory compounds, e.g. a recombinant binding mol- 
ecule having at least a portion of the exiracelluhir dtmiain of 
CrLA4 or a mutant thereof, c.g. an at least extracellular 
pi)rtion of CfL A4 or a nuiiant thereof joined to a non-CrL.\4 
15 pmtein sequence, e.g. CfL.\4lg (for ex. designated .ATCC 
68629) or a mutant thereof, e.g. LI£A29Y. or other adhesion 
molecule inhibitors, e.g. mAbs or lovi molecular weight 
inhibitors including M-A-l antagonists, Seluclin antagonists 
and VL.\-4 antagonists. Selective PKC iiUiibitors of the 
20 invention, e.g. compounds of formula I, may also be admin- 
istered together with an antiproliferative dnig, e.g. a chemo- 
Iherapeutic drug, e.g. as ustxl in cancer treamienU including 
but not limited 10 ammatase inhibitors, aniiestrogens, topoi- 
somenisc 1 inhibitor!!, lopoisomerase 11 inhibitors, microtu- 
25 bulc active agents, alkylating agents, histone deacetylasc 
iiiltibitors, famesyl imnsfcrasc inhibitors, COX-2 inhibitors, 
MMP inhibitors, m1X)R inhibitors, antineoplastic untime- 
laboliles, pkilin compounds, compounds decreasing the prcv 
tein kinase activity and further anti-ungiogenic compounds, 
3(» gonadorelin agonists. unti-!indrogens, bengamides, bisphos- 
phonates. antiproliferative antibodies awl temoA^lomide. or 
with an anti-diabetic drug, an insulin sccrctagogue or insulin 
secretion enhancer, e.g. a sulphonyl urea, e.g. tolbutamide, 
chlorpropamide, tola/amide, acetohexamide, 4-chloro-N* 
35 1(1 -pyrolidinylamino)carbonyl]-benzensulfoiwmide (giyco- 
pyramide), glibenclainide (glyburide), gliclazide, l-butyl-3- 
meiamlyhirea. cjirbutamide. glibonuride. glipizide, 
gliquidone, glisoxepid, glybuthiazole. glibuzole, glyhexam- 
ide. glymidine, glypinamide, phenbulamide or tolylcycla- 
411 mide, an oral insulimtfropic agent derivative, e.g. a short 
acting insulin enhancer, e.g. mcglitinide, a-paglinide. a phe- 
nyl acetic acid derivative, e.g. nateglinide. a DPP IV inhibitor, 
c.g. 1 -{2-1 (5-cyanopyridin-2-yl )aniinolcthylamino}acctyl- 
(2S)-cyano-pyrn>lidinedi-hydawhlorideJ.Ari^7,GI.P-l or 
a GLP-I agonist analog, or an insulin sensitizer e.g. a peroxi- 
some proliferaior activated ax-epiorY agonist (PPARy), e.g. a 
glita/one, a non-glila/onc type such its a N-(2-ben/oylphe- 
nyl)-l>-tyrosine analogue, e.g. GI-262570. or m oxolidinedi- 
oiw, e.g. JTT50I. a dual PP.\RY/PPARa agonist, e.g. DRF- 
50 554 1 58, NC-2 1 OOor NN-622, a retinoid X receptor agonist or 
a rexinoid, e.g. 2.n-(3.5.5.8,8-penlamethyl-5.6.7,84etrahy- 
dro-2-naphlhyl)-cyclt)pn>pyl|-pyridinc-5-carboxylic acid, 
4.|(3,5.5,8.8-pemamcthyl-5.6.7,8-tcinihydro-2-naphthyl)-2- 
carbonyll-benzoic acid. 9-cis relinoic acid or an analog. 
5S derivative or a pharmaceutically acceptable sah thereof, in 
diabetes therapy. 

In accordance with ihe foregoing tlie present invention 
provides in a yet further aspect: 

7. A method as dellned above comprising oo-administratmn, 
6(i e.g. concomitantly or in sequence, of a tlicrapcutically 
effective amount of a compound of the invention, c.g. a 
inhibitor selective for tu p, and optionally 0. PKCs over 
one or more of Ihe other PKC isoforms. e.g. a inhibitor 
seleaive for PKC t>ver one or mine other protein kinases. 
65 e.g. over one or inoic protein kinases which do not belong 
to the CDK-1 family, e.g. a compound as indicated under 
1.1,1.2 and 1 .3 above, e.g. a compound of formula I or lb, 
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in free fonii or in pliunnaccuiically acccpuibic sail form, 
and a second drug substance, said second dnig subsionce 
being an immunosupprcssiint, immunomodulatory, anii- 
iiifliunmaiory. antiproUrcrativu ur anti-diabctic drug* e.g. 
as indicated above. 
8. A therapeutic combination, e.g. a kit, comprising a) a 
rompoundol'thc invcntionf e.g. a inhibitor selective for a, 
|)» and optionally 0. 1'KCs over one or nxirv of the oilier 
J*KC isittorms. e.g. a inhibitor selective Tor PKC over one 
or more other protein kjna$e:i« e.g. over one or more protein 
kinases which do not belong to the CDK-1 family, e.g. a 
compound as indicated under 1.1.1.2 and 1 .3 above, e.g. a 
compound of formula 1 or lb, in free form or in phamui- 
ceuticnily acceptable salt form, and b) at leaia one seamd 
agent selected from an immunosuppressant, immuno- 
modulnloiy, anii-lnnoimnatoiy, antiproliferative and anti- 
diabetic drug. Component a) and component b) may be 
wscd concomitanily or in sequence. Tlie kit may comprise 
instructions for its administration. 
Wliere a PKC seJeclivc inliibitor of the invcniton. e.g. a 
selective inliibitor of a, p, and optionally 0, PKCs. e.g. a 
compound of fonnula I or lb, is administered in conjunction 
with other immunosuppressive/immunomodulatory, anti-in- 
flamntatory.anttprolifenitivcoranti-diabciic thcnipy. e.g. for 
pivventuig or ta*ating acute or chronic graft ivjeciion or 
intlanunatoiy orauioimmuiwdistiidersas hereinabove speci- 
fied, dosages of ihe co-administered immunosuppressant. M\ 
immunomodulatoiy, anti-int1anmuitoo% antiproliferative or 
anti-diabctic compound will of course vary depending on die 
type of oo*drug employed e.g. whether it is a steroid or a 
cyclosporine, on the specific drug employed, on tlic condition 
being treated and so forth. 

Selective PKC inhibitors of Uic invention, in particular 
inhibitors selective for <t, p, and optionally 0. PRCs, over one 
or more other PKC isoforms, in particular compounds 
formula I and lb, Iiavc an interesting phamiacokineiic profilc^*;^ wlicrcii 



K is a nidical of fomuila (u). (b) or (c) 




(a) 




25 



wherein 

R,is-(CHa)„^NR,R4, 
wherein 

each of R, and R4. independently, is U orC.^alkyl; or 
R, and R4 form together with the nitrogen atom to 
which they are bound a heieroc>'clic residue; 
n is 0. 1 or 2; and 
Rj is II: halogen; C^^alkyl; CF,: Oil; SH; NIIj: 
C, ^alkoxy; C,.4alkyllhio; NllC,.4alkyl: N(di-C,^ 
aWqrD^.CN.alkyneorNOj; 
wherein 

each of R,o and K|t»a. independently, is a heterocyclic resi- 
due; or a radical of formula a 



and interesting in vitro and in vivo activities. 

Ilic invention claimed is: 
I. A compound of formula I 



icreii/s)[sa dirvcl 



la) 



btmd, O. S or NR| 1 wlierein is 



K HorC|!^lkyl, 

R^ js Cj.4alk7lene or C,^alky]ene wherein one Cll^ is 
replaced by CRJt,. wherein one of R^ jmd R^ is H and tlie 
4H oihcrisCl^, cachofR, and R^isCU, or R, and Reform 
together —CI l^— CI I3— . 
Y is bound to the terminal carbon atom and is selected from 
OH, NR^jRj,, wherein each of Rj^, and K^,. indepen- 
dently, is H, C,.eCycloaikyl, C,.oC>'cloalk7l-C,^alkyl. 
jio iiryl-Ci.4iilkyl hetcroaryl-Cj.^alkyl. Cj^^fUkenyl or 
C,.4alkyl optionally substituted on the terminal carbon 
atom by OH. halogen* C,.4alkoxy or -NRsoHw 
wherein each of and R<«,. independently, is H, 
Cj^alkyl. Cj.<,cycloalkyK C.v«cycloalkyl-C,^alk7K 
55 aryl-Ci.4alkyl, or R30 and R4,, fonn together with the 
nitrogen atom to which they are bound a hetenicycUc 
residue: and 

each of Rj„ and R^t^,, independently, is H; halogen; 
C'l^alkyl; C,^alkoxy; C*!-,: nitrile; nitro or amim>; 
60 or a sah thereof. 

2. llic aimpound acatiding to claim 1 , wherein R„ is H or 
methyl; each of Rj. R^o and Rj^,. independently, is H. CI. 
NO,. F. CFji or methy l.'n is o or 1 ; one of K^. R^ Rj and R^ is 

, - . .. meiiiyl or elhyl and the other three siibslituenis «re H; or R^, 

R, is halogen; C,^alkoxy; C.^alkvl; CF, or CN and the r ^and R,are all 11: andeach of R, and R4, independently, 

other three substiiMcnts arc each H; or R|.,R, .RjandR^ is 11, methyl, ethyl or i-propyl; orR, and Ra fonn togeUicr 
are all H; and with the nitrogen atom to wliich they are bound a heterocyclic 




wlterein 

R^ is H; C,^alk7l; or Cj^alkyl substituted by OH. NHj. 
NHC,.4alkyl orN(di-C,.4alkyl)2: one of R^, R,., R^and 
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residue optionally subslituled; and eachoFK,, Rm and Kjcid' 
independently, is a hcteiocycUc residue. 

y. Tlie compound according lo claim 1. wluch is selected 
from 

3-[5-CliJorxv2-(4-mcthy l-piperazin- 1 -yl)-pyridiii'4-yll-4- 

( 1 1 l-iiidol-3-yl)'pyrrole*2,5-dionc; 
3*(2-Cliloro-7-dimeUiylaniinonielhyI-iwphihalen- 1 -yl)-4- 

(1 -methyl' lH-indol-3-yl)-pyrTole-2,5'dionc; 
3-(7-Aminometliyi-2*Chloro-naphthalen-l •yl)-4-< l-me- 
ihyl-lH-indol-J-yO-pyrrole-S^S-dione; 
3.(2-Oiloro-7-meihylaminomeihy l-naplilhalen* I -y I )-4- 

( I H-ind«l-3-y l)-pyriole-2^-dioiw; 
3-(2-Chloro-7»mclhyIaminomcihyl-naphUwIen- 1 -y I )-4- 

(1 -methyl- 1 1 l-indol-3-yl)-pyfrolc-2»5Hlionc; 
3-(2-Cliioro-7-mtflhylamiRomciliyl-naphtlialcn- 1 -ylM- 

(7-mcthy]- 1 1 !-indoU3-yl )-pyrrole-2,5-<Uone; 
3-(2-Ch!oro-7-methylaniinomclhy Unaphlhalcn- 1 -y I H - 

(6*niethyl- 1 H-indol-3-yl)-p>'rTolc-2.5-dione; 
3^2-Chloro-7-methylaminomethy 1-naphthalen* 1 ^y I )-4- 

(S-melhy 1- 1 H-indol-3-yt )-pyrTOle-2,5-dione; 
3-(2-Clitonv7-dlmethylaminomeihyl'naphthalcn-l-y])-4- 

(7*melhyl-ni-indol-3-yl)-pyfTole-2,5-dione: 
3-(2-Cliloro-7-dimeihylaininonictliyl-iuiphlhalcii- 1 -ylH- 

(IH-indol-3-yl)-pynole-2.5-dionc: 
3-(2-Chloro-7-dimeihylaminomctliy 1-naphihalco- 1 -y l)-4- 

(6-methyl- 1 H-indol-3-yl )-pyrrole-2,5-dioRe; 
3'(2-Chkin>-7-dimeihylaminomelhyl-naphthalen-l-yl)-4- 

(5-meihyl-lH-indoI-3-yl)-pyrrole-2,5-dione: 
3-{2-Clilom-7-((clhyl-meiliyUainiiu))-mcthyll-naplilha- 

len-1 •yl}*4-(l -mdhyl- ll^indo|-3-yl)•pylTole-2.5-di- 
onc; 

3-(2-Chloro-7-diethylanjinomeihyl-naphtlialcn- 1 •yl)-4- 

(I -nicthyMn-indol-3-yl)-pym^le-2,5-dionc: 
3-(2-Chlon>-7-eihy laminomelhyl-naphthalen- 1 *yl)-4-( i - 

meihyMH-indol-3-yl)-pynt)le'2»5-dionc; 
3-|2-Chloriv7-(isopropyIaii«no-methyl)-naphtlialen-l- 

ylj-4-( 1 -methyl- 1 H-indo!-3-yl )-pyirole-2,5-dtone: 
3-(2-Clilon»-7-{4-methyl-pipeni/jn. I -y lmclhyl)-naphlha* 

Icn- 1 -yl)-4-( 1 -mciliyl-1 H-indol-3-y I)-pyrrole-2,5-di- 

one; 

3-(2-ChJoro-7-pyrrolidin- 1 -ylmeihyl-naphlhalcn- 1 -y IH- 
( I -methyl- 1 1 l-indo|.3»yl )-pym)le-2,5-dione: 

3-(7-Aminomethyl-2'methyl-naphthalcn- 1 -ylH*(l J- 
dimcthyl-l t l*mdo]-3-yl)-pyrmlc-2,5Hlione; 

3-(7-Aminomelliyl-2-mcihyl-naphthalen- 1 -yl)-4-(7-me- 
thyM H-indol-3-yl)-pynolc-2,5-dlonc; 

3-(7-Aminometbyl*2-mcihyl-naphihalcn-l-yl)-4-(l I I-ln- 
doU3-yl)-pyrfoic-2.5-dionc: 

3-(7-Aminomeihyl-2-meUiyl-iuiphtiui1cn- 1 -y l)-4-( 1 -me- 
thyl* 1 H-indol-3-y l)-pym)le-2,5-dione; 

3-(7-Aminonieihyl-naphthalen- 1 -yl)-4*( 1 H-iftdol-3-yl)- 
pym>U:-2*S-diunc: 

3-(7-Aminomethyl-naphthaleii-l -yI)-4-( l-niethyl-lH-in- 
dol-3-yl)-pynwlc-Z5-dionc: 

3-(7-Amlno-naphthalen- 1 ■yl)-4-( I -methyl- 1 1 i-iiuiol-3- 
yl)-pynrolc-2,5-dtonc; 



3-(7.Amino-naphlluilcn-l-yl)-4-(l I l-iiulol-3-yl)-pyrrole- 
2,5-dione; 

3-(7-Dimethy laminomeihyl-2-n»oro-naphtlwlen- 1 •yl)-4- 
(7.methyl-l I I-indo|.3-yl)*pymile-2,5-dionc; 
5 3-(7-dimcthy laminomcthyl-2-rtuonvnaphthalen- 1 •yl>-4- 
( 1 1 l-indol-3-yl)-pyrrolc-2,5-<lionc; 
3-( 1 -Mcihyl- 1 1 l-indol-3'yl)-4-I5-(4-mcthyl-piptfra7Jii- 1 - 

yl)-pyridin-3-yl|-pyrit>!e-2,5-dionc; 
3-(U l-indol-3-yl)-4-[5-(4-methyl-pipcniziu-l •yl)-pyri- 
10 dtn-3-yl)-pyrrolti*2.5-diona; 

3-(7-mcihyl-lH-indol-3-yl)-4-|5-(4-mcihyl-pipera7jn-l- 
yl)-2-trinuoromethyl-pyridin-3-yl]-pymjlc-2,5-<!ione; 
3-( 1 H-iiidol-3-yl)-4-[5-(4-nicthy l-pipcrazin- 1 -yl)-2-lrif- 
luort>mclhyl-pyridin-3-ylJ-pyrrolc-2,5-dione; 
15 3-(l -methyl-l H-indol-3-yl)-4-( 5-(4-mdhyl-piperazin- 1 - 
yl)-2-ififluoromeihyl-pyridin-3-yll-pynx>lc-2,5-dionc; 
3-(7HnethyM I l-indtil-3-yl)-4-|5«(4-melhyl-pipera7jn-U 

yl)-pyridin-3-yl|-pyrTolc-2.5-<Jiorte: 
3-( 1 1 1-iudol-3-yI)-4-[5-(4-mcihy l-pipcrazin-l -yl)-2-m- 
20 iro-pyridin-3-ylJ-pyrrolc»2,5-dione; 

3-|2-chloro-5-(4*niethyl-pipcra7in- 1 *yl)-pyridin-3-ylJ-4- 

(7-ineihyl- 1 H-indol-3-yl)-pyrrole-2,5-dionc; 
3-(l H-indol-3-yl>4-|5-methyl-2-(4.melhyl-pipera/.in- 1 - 
yl)-pyridin-4-yl|-pym>lc-2,5-dionc: 
25 3-(l H-indol-3-yl)•4-[2«(4-melhyl-pipc^mn•Uyl)-5-nl- 
t^o•pyridin•4•y IJ -pyrfolc-2,5-dione; and 
3-(l I !-indol*3-yl)-4-|2-{4-methyUpiperazin-l -yl)-5-lrif- 

luoinmcthyl-pyridin-4-yl|-pyrioIe-2,5-dioiic; 
in firoc Toim or in a phannaccutically acceptable salt Torm. 
Mt 4. The compound according to claim 1 , in free form or in a 
phannaccutically acceptable salt form, for use as a pharma- 
ceutical 

5. A pixKCSs for the proiUiction of the compound according 
to claim 1. wherein tlic priKcss comprises reacting a com- 
ys poundof formula 11 
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whcicin to R, aic as defined in claim }L \ 
with a compouitd of formula 111 U ) 



(tin 



wherein R is as dclincd in claim U 
and. whew axjuircd, convening the ivsulting aimpound of 
formula I obtained in free form to a salt form or vice versa^ as 
appmpriaie. 



